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THE EFFECT OF 2-3 DIMERCAPTO-PROPANOL (BAL) 
ON EXPERIMENTAL NICKEL CARBONYL POISONING 


BY 
J. M. BARNES and F. A. DENZ 


From ihe Medical Research Council Unit for Research in Toxicology, Carshalton, Surrey 


(RECEIVED FOR PUBLICATION MARCH 21, 1951) 


The experiments recorded in this paper were 
designed to investigate the effects of the inhalation 
of nickel carbonyl by rats and rabbits, and to study 
in detail the distribution of nickel in the body, the 
development of pathological lesions, and the in- 
fluence of the therapeutic agent 2-3 dimercapto- 
propanol (BAL) on these changes. The study was 
made because occasional cases of accidental poison- 
ing in man by mixtures of nickel carbonyl and 
carbon monoxide occur in the production of nickel 
by the Mond process, which entails the formation 
and subsequent decomposition by heat of gaseous 
nickel carbonyl. When the process was first 
developed in this country, accidental exposure to 
nickel carbonyl led to some fatalities and from time 
to time fatal accidents have been reported in other 
countries. No fatal accidents have occurred in 
Great Britain during the past 40 years, but accidental 
exposure due to leaks and other technical faults in 
the factory sometimes leads to severe and protracted 
illness in workmen. 

The toxic material, nickel carbonyl, is a clear 
volatile liquid, boiling at 43°C. Its vapour rapidly 
decomposes in the presence of moisture to give 
metallic nickel and carbon monoxide; in the 
presence of carbon dioxide the nickel is deposited 
as the suboxide. Some of the earlier writers con- 
sidered that the toxic action of nickel carbonyl was 
due to the carbon monoxide that it liberated, but 
this view was effectively refuted by Armit (1907, 
1908) who has made the only significant con- 
tribution to the experimental study of nickel 
carbonyl poisoning. Armit pointed out that nickel 
carbonyl had a higher toxicity than could be 
accounted for by its carbon monoxide moiety, 
and that a dose of nickel carbonyl] sufficient to kill a 
rabbit would liberate so little carbon monoxide that 
only 5% of the animal’s haemoglobin could be 
converted to carboxy-haemoglobin. In addition to 


the considerable pathological changes in the lung, 
Armit described lesions in the brain and adrenals 
of experimental animals and gave reasons for 
attributing a general systemic action to the nickel 
liberated from nickel carbonyl. In the present paper 
the way in which nickel carbonyl exerts its toxic 
action is reconsidered. 

The effects of BAL on experimental nickel 
carbonyl poisoning will be considered in some 
detail. BAL is effective in the treatment of poisoning 
by arsenicals and by mercury salts, and somewhat 
less certainly in poisoning with the salts of lead and 
gold. There are grounds for believing that BAL 
would be effective in poisoning by nickel carbonyl. 
Nickel in the form of its soluble salts when added 
to a solution of BAL is immediately precipitated as 
an insoluble mercaptide. Further, Braun, Lusky, 
and Calvery (1946) showed that rabbits given a 
lethal dose of nickel sulphate by subcutaneous 
injection could be saved by treatment with BAL. 
But BAL therapy in man should be introduced with 
caution. BAL is itself appreciably toxic, and in 
addition it has been shown to increase rather than 
diminish the toxicity of some metals such as cadmium 
and uranium. The experimental studies, recorded 
in this paper, of the effect of BAL on nickel carbonyl 
poisoning will emphasize the difficulties that arise in 
the applications of this method of treatment of 
poisoning by toxic metals. 


Materials and Methods 


Rats and rabbits were held in wire cages and exposed 
in a rectangular chamber with glass windows. Fig. 1 is a 
diagram of the apparatus. The exposure chamber (BE) 
of approximately 40 litres capacity was open at both 
ends and a current of air was drawn through at a constant 
rate of 30 litres per minute by means of a vacuum pump 
(P1) drawing air through the glass jet (A) which was 
made to function as a critical orifice. 

Nickel carbonyl vapour was added to the air stream 
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Fic. 1.—Diagram of apparatus for exposing rats and rabbits to nickel 


carbonyl vapour. 


as it entered the chamber. A small pump (P2) delivered 
air at a rate measured by the flowmeter (H) and con- 
trolled by a screw clip (S), and this air was then bubbled 
through liquid nickel carbonyl which was held at 0° C. 
by packing the bubbler (G) with ice chips. The rate of 
flow through the bubbler ranged from 20 to 70 ml. per 
minute. The air, saturated with nickel carbonyl, was 
then diluted by passing through a mixing jet (F) into 
a volume of 10 litres per minute of air freshly drawn from 
the laboratory. It was diluted a second time with air 
entering at (K) at a rate of 20 litres per minute to give a 
final rate of flow of 30 litres per minute. These successive 
dilutions of the small volume of air saturated with nickel 
carbonyl ensured thorough mixing. After passing 
through the chamber the air was drawn over activated 
charcoal in a tower (B) to free it from nickel carbonyl 
before it entered the evacuating pump (P1). Through- 
out the period of exposure, the air in the chamber was 
sampled by drawing off air from a tap in the chamber 
at a measured rate of | litre per minute and passing it 
through a heated silica tube filled with silica chips (D) 
in which the nickel carbonyl was decomposed and the 
nickel itself deposited. The volume of air forming the 
sample was measured by the flowmeter (C), and con- 
trolled by the screw clip (T). At the end of the exposure 
the deposit of nickel in the sampling tube was dissolved 
in nitric acid and estimated chemically. The con- 
centration of nickel carbonyl in the chamber could be 
calculated from the figures for the rate of flow of air 
through the bubbler containing nickel carbonyl and the 
vapour pressure of nickel carbonyl at 0° C. The sampling 
method probably gives a more accurate estimate of 
chamber concentrations. Calculations based on these 
samples indicated that the air passing through the bubbler 
at speeds varying from 20 to 100 ml. per minute con- 
tained only 12 volumes % of nickel carbonyl (915 g. 
per m*) instead of 17 volumes % (1,300 g. per m*) 
which is the theoretical value for air saturated at 0° C. 
The dose administered is expressed as the “‘c.t.”, 





i.e., concentration (mg. nickel carbony! 
e— per m*) x t (time of exposure in 
minutes). The time of exposure was 
30 minutes in all but a few experiments 
when it was reduced to 10 or 20 
minutes. 

In the majority of the experiments 
groups of 10 rats were exposed. In the 
experiments with BAL five of each 
group of rats were treated with BAL 
and the other five were untreated. 
Rabbits were usually exposed in pairs, 
but in one experiment six were placed 
in the chamber at one time. 


Estimation of Nickel.—Nickel was 
estimated by a method described by 
Vaughan (1942). Tissues were digested 
in nitric and sulphuric acid. The 
solutions were treated with iodine to 
oxidize the nickel and a solution of 
dimethyl glyoxime in ammonium citrate 
buffer was added. Nickel in the 
oxidized form produces a soluble orange red colour 
with dimethyl glyoxime, and the intensity of this was 
then read at 445 my on a Unicam D.G. spectro- 
photometer. Quantities of nickel down to 1 to 2 ug. 
in 4 ml. of tissue digest could be measured. 


Histological Methods.—Tissues were examined from 
rats that died at different times after exposure to nickel 
carbonyl, and also from rats killed with chloroform at 
chosen intervdls after exposure. At necropsy the trachea 
was tied before opening the chest to prevent full collapse 
of the lungs. At a later stage in the investigation a 
number of lungs were fixed in full inflation by injecting 
the fixative into the trachea after opening the chest wall. 
The trachea was then tied after the lungs had been 
expanded to fill the pleural cavities. The trachea, lungs, 
heart, and other mediastinal contents were removed 
together and placed in fixative. Formol saline and 
Bouin and Helly’s fluid were used as fixatives. Staining 
methods included Ehrlich’s acid haematoxylin and eosin, 
van Gieson, Heidenhain’s azan, and Laidlaw’s reticulin 
stain. 


Animals.—Albino rats from the Ministry of Supply 
Animal Farm, Porton, were used. Rabbits came from 
a number of different sources. The rabbits weighed 
1-1-5 k. 


Nickel Carbonyl.—This was obtained from the Mond 
‘Nickel Co., Clydach. It was a water clear liquid and 
was kept in a glass-stoppered bottle at room temperature. 
Decomposition with deposition of nickel on the walls 
of the bottle took place slowly. It was handled with 
care to avoid contamination of the atmosphere with 
vapour. 


BAL.—The BAL was injected subcutaneously as a 
5% solution in arachis oil, except in one experiment when 
a freshly prepared aqueous solution was used. 
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Results 


Effect of BAL on Rats Exposed to Nickel Carbonyl. 
—More than 300 rats were exposed to nickel 
carbonyl for periods of five to 30 minutes (c.t. 
17-70 x 108). Immediately after exposure to doses 
of this order rats appear ill and are very quiet and 
inactive for an hour or so. They then recover to 
some extent, but after about 12 hours their condition 
deteriorates. They sit ruffled and listless in their 
cages. Some show acute respiratory distress, and at 
necropsy these are found to have a marked pleural 
effusion in addition to the extensive pulmonary 
oedema. When death ensues it usually does so 
between 18 and 150 hours after exposure. Survivors 
have symptoms for the first four days and then 
recover to be free from symptoms by the end of a 
week. 





EFFECT OF BAL ON NICKEL CARBONYL POISONING 119 


In comparing the results of treatment the animals 
were further subdivided according to the dose of 
nickel carbonyl administered. The results are 
presented in Table 1. 

The experiments demonstrate that when BAL 
was given before exposure to nickel carbonyl it 
protected rats completely against a dose of nickel 
carbonyl approximating to the lethal dose (c.t. 29-38 
x 10%). However, if the dose is raised (c.t. 70 x 10°) 
the protective effect is overcome. 

On the other hand when BAL was given to rats 
at a dosage of 60 to 86 mg. per kg. after they had 
been exposed to nickel carbonyl it-did not reduce 
the mortality but actually increased it. Further- 
more, treatment with BAL increased the severity 
of the signs of poisoning and reduced the time of 
survival of the fatalities (Table 2). 


TABLE 1 
EFFECT OF BAL ON THE MORTALITY OF RATS EXPOSED TO DIFFERENT CONCENTRATIONS OF NICKEL CARBONYL 





Concentration of Nickel Carbonyl (mg./m*) x Time 











j (min.) 
Treatment | Animals | 17-23 x 108 | 29-38 10® | 43-58 x 10° | 70 x 10° 
Nil | No. Exposed ceed 40 57 76 | 10 
| Mortality (%) 21 to, eee heat 
BAL | No. Exposed | on | 10¢— | 25t si 10 
(Prophylactic)} Mortality (% | ms 0 | 44 | 80 
BAL | No. Exposed a) 35 23 35§ | — 
(Therapeutic) | Mortality (%) - | 74 | 83 100 ! a 
*BAL =60-80 mg. per kg. injected intramuscularly. 
+Difference between “‘ No treatment” and “ Prophylactic BAL” highly significant. x?=19-2, P<0-001. 
{Difference between ‘‘ No treatment ”’ and “‘ Prophylactic BAL” highly significant. ..°x?=13-9, P<0-001. 
§Difference between ‘* No treatment” and “ Therapeutic BAL ” significant. .. ¥?=4-7, P=0-03. 


The total dose of BAL given to each treated rat 
was 60-80 mg. per kg. In the early experiments 
this was administered in one or more doses at 
intervals of one-half to one hour starting immediately 
after exposure and for periods up to four hours after 
exposure. The results of treatment were so un- 
satisfactory that few rats survived for 24 hours or 
longer and there was no point in continuing treat- 
ment beyond the first few hours. 

For experiments on the prophylactic value of 
BAL a dose of 40 or 80 mg. per kg. was injected 
30 minutes before starting the exposure to nickel 
carbonyl. Those rats receiving only 40 mg. per kg. 
were given a further dose of the same size after 
exposure. They were equally well protected. 

The rats could therefore be divided into three 
groups: (1) untreated rats; (2) those receiving 
BAL before exposure, including some who also 
received more after exposure (prophylactic treat- 
ment); (3) those receiving BAL after exposure 
(therapeutic treatment). 


Effect of BAL on Rabbits Exposed to Nickel 
Carbonyl.—Fifty-two rabbits were exposed to nickel 
carbonyl, usually in pairs. The c.t. was 10-37 
x 10? (t=10-30 minutes). One animal of each pair 


TABLE 2 


EFFECT OF BAL ON SURVIVAL TIME OF RATS AFTER EXPOSURE 
TO NICKEL CARBONYL* 














No BAL Treatment 
BAL (60-80 mg./kg.) 
Prophy- Thera- 
lactic peutic 
Total number of rats | | 
dying =e ay 11 | 35 
Ist day | 27 (42%)} 2 (18%)) 32 91% 
Deaths on {3nd day..| 7 &. | 2 
3-6th day | 30 6 1 
Average survival time | 
in days = <e ee 2°5 1-2 





* C.t.=43-58 x 10°. 
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was treated with BAL and the other was untreated : 
BAL was given as a 5% solution in arachis oil. 
A dose of 30 mg. per kg. was given one hour after 
exposure and was followed by 15 mg. per kg. given 
consecutively at five, 20, 26, 44, and 50 hours after 
exposure. 

The mortality rate of rabbits treated with BAL 
is less than that of untreated rabbits although this 
difference is not statistically significant. The 
survival time of fatal cases was greater in the 
treated than in the untreated animals. The results 
of this experiment are summarized in Table 3. 
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found in the lungs, liver, and brain of three rats 
killed immediately after exposure are shown. 

The amount of nickel found in the lungs at 
various times is given in Table 5. These figures 
are expressed as micrograms of nickel found in both 
lungs of the rat per 1,000 yg. of nickel inhaled. 
This adjustment is necessary since different groups 
of rats were given different exposures, as shown in 
Table 1. The adjustment is not a strictly accurate 
one because it was found that in rats killed immedi- 
ately after exposure, proportionately more nickel 
had been retained by the rats exposed to the smaller 


TABLE 3 


MORTALITY RATE AND SURVIVAL TIME IN RABBITS EXPOSED TO NICKEL CARBONYL (C.T. = 10-37 x 10*) WITH AND WITHOUT 
SUBSEQUENT BAL TREATMENT 








f | . Average 
| No. | Deaths (in Days) Total | Mortality | Survival 
| Exposed (%) | Time (days) 
lL £23256 7 | 
Untreated .. ae! ny 2 29 | 2235600 18 62 | 3-3 
BAL* a me 23 | @62143 42 9 | 39 5:0 





105 mg./kg. in divided doses during the first 48 hours after exposure. 
*Difference between treated and untreated is not significant: ,*=1-86, P=0-17. 


Fate of Inhaled Nickel.—The distribution of nickel 
in the tissues of the rat was followed by killing 
animals at various times after exposure to nickel 
carbonyl and analysing the tissues for nickel. 
Assuming the air intake of a rat to be 120 ml. per 
minute (Gaddum, 1948) the amount of nickel that 
is inhaled by a rat exposed to known concentrations 
of nickel carbonyl can be calculated. When rats 
were killed immediately after an exposure of 30 
minutes, the nickel found in the lungs was only 
5 to 10% of the nickel calculated to have been 
inhaled. Much of the nickel may have been exhaled. 
Landahl and Herrmann (1950) in an experiment 
on man put the figure for hydrogen cyanide lost by 
exhalation as 58% of the intake. 

Considerable amounts of nickel are found in the 
liver of rats immediately after exposure, indicating 
a rapid removal of nickel from the lungs. This is 
illustrated by Table 4 where the amounts of nickel 


TABLE 4 


NICKEL CONTENT OF RAT TISSUES IMMEDIATELY AFTER 
30-MINUTE EXPOSURE TO NICKEL CARBONYL (C.T.= 16 x 10°) 











Amount of Nickel in Whole 
Organ (ug.) 
Lung Liver | Brain 
| 
Rat | ‘i rot 104 | 44 17 
Rat 2 a - 109 | 73 17 
Rat, 3 a . 118 | 61 11 








concentrations of nickel carbonyl, but this dis- 
crepancy is small in comparison with the change in 
the nickel content of organs found within com- 
paratively short intervals of time after exposure. 
When the nickel content of the lungs, corrected for 


TABLE 5 


AMOUNT OF NICKEL* RECOVERED FROM LUNGS OF RATS 
KILLED AT DIFFERENT TIMES AFTER EXPOSURE TO NICKEL 











CARBONYL 
| 

Hours | No. . Standard 
after of Ni Gs) Error of 

Exposure | Specimens Means 

0 15 84 +52 

1 11 90 mee, 

4 | 5 69 +22 

18 8 | 30 +11 

24 6 | 23 + 2:5 

48 3 18 =e 

168 a a + 1-7 








*Nickel (ug) in whole lung per 1,000 wg. inhaled. 


the dose inhaled, is plotted against the time after 
exposure (Fig. 2), it is seen that there is a rapid loss 
of nickel from the lungs during the first 24 hours, 
and after this removal is much slower and is still 
incomplete after seven days. 

The amounts of nickel in the liver and brain of 
rats, also corrected for dosage, are given in Table 6. 
During the period when the lungs are losing nickel 
rapidly there is a fall rather than a rise in the amount 
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Fic. 2.—Graph showing the rate of decrease in nickel 
content of rat lungs after exposure to nickel carbonyl. 


of nickel in the liver. Further, there does not seem 
to be any accumulation of nickel in the brain of 
rats during the first two days. 


TABLE 6 


RELATION OF TIME AFTER EXPOSURE TO NICKEL CONTENT* 
OF RAT TISSUES 














Time after Nickel Content of Organs 
Exposure 
(in hours) | Lung Liver Brain 
1 90+3-9(11)t| 42+8-3(7) | 16+1-7(3) 
4 69+2-7(5) | 16+3-4(7) 9 +1-0(6) 
24 23+2-5(6) 8+1-4(8) | 13+3-3(6) 
48 | 18+ 1-2(3) 4+ 1-3(5) 6+1-7(3) 








*Micrograms nickel (ug) in the whole organ per 1,000 ug inhaled. 
Results as means and standard errors. 
ftFigures in brackets=number of animals. 


In rabbits there is no evidence of any remarkable 
accumulation of nickel in the brain. The amounts 
found in the brains of six rabbits between the third 
and fifth day after a lethal dose of nickel carbonyl 
were respectively, 0-0, 0-0, 1-5, 1-5, 4-6, and 4-6 ug. 
per g. BAL treatment did not affect the amount of 
nickel in the brain, for the amounts found in the 
brains of five rabbits treated but otherwise com- 
parable were 0-0, 0-0, 1-5, 3-1, and 3-1 ug. of nickel 
per g. 


Pathology.—Tissues for histological examination 
were taken from 80 rats dying or killed at different 
times after exposure to nickel carbonyl and from 
six rabbits that died. 


Rat Lungs.—Five rats died within two hours of 
the end of the exposure. Three had gross pulmonary 
oedema, one had a minor degree of oedema associated 
with a pre-existing bronchiectasis, and one had 
widespread capillary haemorrhages. 
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Four rats were killed three hours after exposure. 
They showed marked capillary congestion but only 
slight pulmonary oedema usually confined to 
isolated lobules. However, the interstitial tissue 
of the lung especially round the bronchi and large 
blood vessels was oedematous, and the lymphatics 
were dilated (Fig. 3). The most striking pathological 
findings at this stage were focal haemorrhages 
(Fig. 4). Some haemorrhages consisted merely of a 
leak of small numbers of red cells into an alveolus : 
others were much larger and extended to fill many 
alveoli with blood cells. The haemorrhagic lesions 
were larger and more numerous in those rats that 
had been treated therapeutically with BAL. 

The lesions remained much the same for the next 
nine to 12 hours. Between 15 and 24 hours after 
exposure a marked change took place. Pulmonary 
oedema increased considerably and by the end of 
24 hours the alveoli were filled with a protein- 
containing fluid. Some lobes of the lung were 
more seriously affected than others, and oedematous 
lobes were airless except for some widely dilated 
respiratory bronchioles and alveolar ducts (Fig. 5). 
Oedema of the interstitial tissue and dilatation of the 
lymphatics was still present. The oedema persisted 
through the second and third day, and all animals 
dying during this period showed massive pulmonary 
oedema. The more robust animals that survived 
for this length of time and were deliberately killed 
showed a less severe degree of oedema that was 
patchy in distribution. While no distinction could 
be made between the lesions in treated and 
untreated rats that died, there were differences seen 
in the lungs of those killed at this period. Those 
rats that had received BAL therapeutically always 
had more severe oedema and more extensive haemor- 
rhages. The one rat treated prophylactically and 
killed at this stage had very severe pulmonary 
oedema. 

Damage to the bronchi and bronchioles was very 
slight at all stages. The mucosa was occasionally 
seen to be lifted on a bleb of oedema and the cells 
might sometimes appear pale and their outline 
ragged, but true desquamation did not occur. 

From the fourth day onwards the pulmonary 
oedema regressed, persisting only in isolated lobules. 
Areas of atelectasis were left, especially at the apices 
and beneath the pleura. At this stage there was a 
considerable invasion of the alveoli by neutrophil 
leucocytes, though on a less extensive scale than in a 
true pneumonic consolidation. The areas of 
haemorrhage and collapse became very cellular with 
the appearance of neutrophils, lymphocytes, macro- 
phages, fibroblasts, and reticulum cells. Within a 


few more days many of the alveoli filled with young 
connective tissue and reticulin fibres (Fig. 6). 
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Fic. 3.—Rat lung. Three hours after exposure to nickel SS 
carbonyl. Interstitial oedema and dilatation of —— : k 
lymphatics. Heidenhain’s azan. x 80. Fic. 4.—Rat lung. Three hours after exposure to nickel 
ob eae : carbonyl. Capillary haemorrhages and slight focal 
' ae et fp Pax e: oedema. Heidenhain’s azan. x 80 
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Fic. 5.—Rat lung.- Twenty-four hours after exposure 
to nickel carbonyl. Fully developed pulmonary 
oedema. Heidenhain’s azan. x 80. 





Fic. 6.—Rat lung. Ten days after exposure to nickel 
carbonyl. Young connective ‘tissue growing into 
collapsed alveoli. Ehrlich’s haematoxylin and 
eosin. xX 400. 
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Fic. 7.—Rat lung. Ten days after exposure to nickel 
carbonyl. Area of collapse and cellular proliferation 
with large air spaces. Heidenhain’s azan. x 80. 
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Fic. 9.—Rat lung. Three months after exposure to 
nickel carbonyl showing increase in number and 
thickness of fibres in alveolar wall (cf. with Fig. 10). 


Laidlaw’s reticulum method. 
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Fic. 8.—Rat lung. Ten days after exposure to nickel 
carbony!. Expanded portion of lung showing 
thickened alveolar septa. Heidenhain’s azan. x 80. 
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Fic. 10.—Rat lung. Control showing thickness and 
distribution of fibres in normal lung for comparison 


with Fig. 9. Laidlaw’s reticulum method. 
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Collagen, as shown by van Gieson stain, had not 
yet appeared, but parts of the lung were made up 
of cellular aggregations pierced by large air spaces 
(Fig. 7). In the expanded part of the lung the normal 
thin alveolar wall was replaced by a thick cellular 
and fibrillary structure of young connective tissue 
and reticulin fibres (Fig. 8). At this stage no differ- 
ences were observed between the BAL treated and 
untreated rats, but there were very few treated 
animals that died or survived to be killed for 
examination at this stage. 

Tissues were examined from rats that survived 
the original acute lesion and were killed at intervals 
up to several months after exposure. The extent 
of the original lesions were presumably less than in 
those animals that had succumbed. Nevertheless 
there was extensive diffuse fibrosis in every rat that 
was examined between one and four months after 
exposure. There were aggregations of connective 
tissue throughout the interstitial tissue. The thick 
collagen fibres that appeared in the alveolar septa 
(Fig. 9) can be contrasted with the appearance of the 
fibres in the normal rat lung (Fig. 10). These fibrous 
changes reached a maximum at about three months 
and then resolved slowly. This resolution varied 
from rat to rat, but animals examined a year or 
more after exposure did not show either excess of 
fibrous tissue or any other evidence of damage. 


~ Other Rat Tissues—An examination of liver, 
kidney, brain, and spleen of rats exposed to a single 
dose of nickel carbonyl failed to reveal any lesions 
that could be attributed to the action of nickel 
carbonyl. 


Rabbit Lungs.—The lesions in both the treated 
and untreated rabbits that died after exposure to 
nickel carbonyl were essentially the same as those 
seen in the rat. No material from the surviving 
animals was examined. 





Discussion 

The observations made on rats and rabbits 
poisoned by inhalation of nickel carbonyl leave 
little room for doubt that the cause of death in these 
animals is the acute pulmonary lesion. There is 
widespread alveolar oedema associated with a 
varying degree of capillary haemorrhage and 
atelectasis. No cerebral lesions were seen and no 
chemical evidence was obtained of any significant 
accumulation of nickel in the brain of rats and 
rabbits. Armit concluded from his experiments 
with animals that nickel, which was deposited in the 
lungs, found its way to the adrenals and brain in 
amounts sufficient to produce lesions in these 
organs. This conclusion receives some support 
from the descriptions of petechial haemorrhages 
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and degenerative changes in the brain in human 
cases of poisoning (Mott, 1907; Amor, 1932; 
Brandes, 1934). There is no doubt that much of 
the nickel is rapidly removed from the lungs and, 
as Armit has shown, some of this goes to the brain, 
liver, and other organs. But, as seen in Table 6, 
the maximum level of nickel in the brain is always 
much lower than that reached in the lung and this 
maximum is reached in the first hour. There is no 
progressive accumulation of nickel in the brain. 
The lesions occasionally found by others in the 
brain in nickel carbonyl poisoning can probably be 
ascribed to anoxia due to the defective aeration of 
blood in the oedematous lung, rather than to the 
direct action of nickel. Similar lesions in the brain 
have been reported in phosgene poisoning in which 
anoxia is also a feature. 

As the figures in Table 5 indicate, there is an 
initial high concentration of nickel in the lung. It 
may be necessary for such concentrations to be 
attained in order that a progressive and irreversible 
change can be produced in the lungs. However, 
this-high concentration of nickel has been removed 
before the full effects of its action become evident, 
for pulmonary oedema does not become really 
severe until the end of the first 24 hours after 
exposure. It seems likely that the nickel which 
remains in the lung at a more or less constant level 
from the end of the first day onwards (Fig. 2) is 
combined with some part of the cells of the vascular 
endothelium essential for normal function. The 
effect of the initial high concentration of nickel 
could then be explained by assuming that a high 
extracellular concentration is necessary in order to 
allow even small quantities to penetrate the cell. 
The small amount of nickel reaching the interior 
of the endothelial cells remains there, while the 
extracellular nickel is rapidly removed from the 
lung. Although the greater part of the nickel never 
gained access to cells, it was effective in producing 
the right physical conditions for the entry of some 
nickel into the cells of the lung capillaries. 

An examination of the lungs within a few hours 
of exposure to nickel carbonyl shows no alveolar 
oedema, but there is unmistakable evidence of 
damage in the form of oedema of the interstitial 
tissue of the lungs. The amount of fluid in the 
lungs does not increase much during the first 12 
hours but thereafter the alveoli rapidly fill with 
fluid. The term “ pulmonary oedema” is used 
conventionally to describe the state of the lungs when 
the alveoli are filled with fluid. This leads to an 
artificial distinction between the lungs of an animal 
before and after the filling of the alveoli, and has 
resulted in a failure to recognize the importance of 
the earlier changes that lead up to the final spectacu- 
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lar disaster of pulmonary oedema. The observations 
on nickel carbonyl poisoning support the conclusion 
reached by Shaw Dunn (1918), in his study of 
phosgene poisoning, that the primary action of lung 
irritants is on the capillary endothelium. Leakage 
of plasma from the capillaries begins soon after 
exposure, but for many hours much of the fluid 
infiltrates the connective tissue of the lung and is 
removed by the normal mechanism of drainage by 
lymphatics and veins which can keep pace with the 
exudation of fluid. However, if the damage to the 
capillary wall is progressive more fluid and more 
protein will pass through the capillary wall. The 
presence of protein in the exudate is an embarrass- 
ment, for as Courtice and Phipps (1946) have shown, 
removal of fluid containing much protein is slower 
than fluid that is low in protein. Once fluid begins 
to- collect in the alveoli entry of air is impeded, 
anoxia develops and further affects the permeability 
of the capillary wall so that the severity of the 
pulmonary cedema rapidly increases. If the animal 
does not die of anoxia the mechanism for absorption 
of oedema fluid continues to operate and the oedema 
gradually clears up over a period of some days. In 
animals surviving exposure to nickel carbonyl 
severe and extensive lung fibrosis frequently develops 
in the damaged lungs. 

There is some evidence that the production of 
pulmonary oedema by the highly active nickel in 
nickel carbonyl may be due to an action on the 
enzymes of the capillary endothelium. A number of 
the different compounds that produce pulmonary 
oedema in animals share the property of reacting 
with sulphydryl groups. This has been shown for 
phosgene by Barron, Bartlett, Miller, and Meyer 
(1945), and Potts, Simon, and Gerard (1949), for 
a-naphthyl thiourea (A.N.T.U.) by Meyer and 
Karel (1948), and for alloxan by Lazarow (1947). 
The toxic effects of heavy metals on biological 
systems have been attributed to the formation of 
mercaptides with the sulphydryl groups of the 
protein component of cellular enzymes (Gilman, 
Philips, Allen, and Koelle, 1946) and this has been 
demonstrated for a large number of heavy metals 
by Barron and Kalnitsky (1947). There are no 
reports of the inhibition of sulphydryl-containing 
enzymes by nickel salts, but it has been shown that 
nickel has an affinity for the sulphydryl groups of 
cysteine (Michaelis and Barron, 1929; Libenson, 
1945) and Griffith, Pavcek, and Mulford (1942) 
reported that the addition of cysteine to the diet 
decreased the ora! toxicity of nickel salts in rats. 
We have found that nickel salts form insoluble 
precipitates with BAL in vitro. The rational for 
BAL treatment is that if the nickel ion has a greater 
affinity for the sulphydryl groups offered’ by the 
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BAL than for the sulphydryl groups of the tissues, 
nickel will be removed from the tissues to form with 
BAL a stable and non-toxic complex. In the rat the 
combination of nickel with the tissues appears to be 
too stable to be reversed by BAL. If, however, 
BAL is given before exposure to nickel carbonyl, 
the BAL seems to be able to compete with the 
tissues for the nickel and afford some protection. 
If the dose of nickel carbonyl is further increased 
this protective action is overwhelmed. In the rabbit 
BAL is of some value in treatment, suggesting that 
BAL can remove nickel from combination with the 
tissues in the rabbit but not in the rat. Indeed, in 
the rat, the administration of BAL after exposure to 
nickel carbonyl has a deleterious effect on the lung 
oedema. 

The adverse effect when BAL is given to rats 
after exposure to nickel carbonyl may be the result 
of a summation of the effects of two poisons, BAL 
and nickel. BAL is an effective inhibitor of certain 
metallo-enzymes (Webb and van Heyningen, 1947 ; 
Barron, Miller, and Meyer, 1947). In the rat, where 
the BAL given therapeutically does not reverse the 
effect of nickel the animal is then at the disadvan- 
tage of having sulphydryl-containing enzymes 
inhibited by nickel and metallo-enzymes inhibited by 
BAL. Against this hypothesis it should be pointed out 
that the rat dies of an exacerbation of its lung lesion 
and does not present the overt symptoms of BAL 
poisoning (Stocken and Thompson, 1949). In 
this laboratory it has been found that the kidney 
lesions produced in rats by the subcutaneous 
injection of nickel sulphate are aggravated by BAL 
treatment. The deleterious effect of BAL in these 
cases is also exerted on the primary lesion and is 
not a direct manifestation of the toxic effect of BAL 
as seen in the healthy animal. 

The results of treating rats and rabbits with 
BAL does not give any direct guide to the possible 
value of BAL in the treatment of nickel carbonyl 
poisoning in man. It is not known whether man 
would respond adversely as does the rat or favourably 
as the rabbit. 

The possibility remains that other thiols may be 
more effective in the treatment of nickel carbonyl 
poisoning. The introduction of BAL resulted from 
intensive research directed to a particular end— 
the discovery of an antidote for lewisite poisoning. 
The subsequent discovery that BAL was the most 
effective thiol for the treatment of mercury paisoning 
as well as arsenic poisoning led to its empirical use 
in poisoning by other metals. There is some evidence 
that BAL is not always the best thiol to use. Thus 
Barron and Kalnitsky (1947) found that the 1 : 3 
dithiols were better than BAL for reversing the 
cadmium inhibition of muscle succinic oxidase, and 
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Harvey, Tatum, and Himmelfarb (1947) reported 
that thiosorbitol gave considerable protection in 
poisoning with «-naphthyl thiourea whereas BAL 
had an adverse effect. The present work emphasizes 
the need for precise information on the mode of 
action of nickel on enzyme systems, and indicates 
the possible dangers in the empirical use of BAL 
in cases of poisoning by nickel carbonyl. 


Summary 


Rats and rabbits were exposed to the in- 
halation of nickel carbonyl of known concentrations. 

The animals either died of acute pulmonary 
oedema within a few days or recovered to develop 
pulmonary fibrosis, maximal at three months and 
gradually resolving. 

Only 5-10 % of the inhaled nickel was found 

in the lungs. Nickel is rapidly translocated in the 
body and is not firmly retained by the tissues. 
' In rats, BAL at a dose of 60-80 mg. per 
kg., given therapeutically had little effect except at 
one level of nickel carbonyl where significantly fewer 
rats survived. 

In rats, BAL given prophylactically had some 
protective action against the lower doses of nickel 
carbonyl. 

In rabbits, BAL given after exposure to nickel 
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carbonyl, reduced the mortality rate and increased 
the survival time, but these effects were not 
sufficiently great to be significant with the number 
of animals employed. 
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HISTORY OF LUNG DISEASES OF COAL MINERS IN 


GREAT BRITAIN: 


BY 


PART I, 1800-1875 


ANDREW MEIKLEJOHN 


From the University of Glasgow 


** To the advancement of all the inductive sciences, a knowledge has been necessary as well of the position 
of the particular science at the moment of investigation, as of the steps by which that position had been 
obtained ; this in turn, tending to throw light on the direction in which future progress might be expected.” 


Since 1930 pneumoconiosis of coal miners has 
constituted a major medical and social problem in 
Great Britain, particularly in South Wales. The 
intervening years have been marked by considerable 
research into the aetiology, early diagnosis, signifi- 
cance, incidence and control of the disease, and in 
this work the investigators have been greatly assisted 
by the advanced techniques of modern pathology, 
physiology, biochemistry, chest radiology, dust- 
sampling, and dust-analysis. 

It is remarkable that it was almost precisely a 
century garlier when the problem attracted similar 
urgent attention, but on that occasion the focus 
was on the Scottish coal-field. By contrast, the 
physicians of those days were dependent almost 
entirely on the correlation of clinical observations 
with morbid anatomical changes observed at post- 
mortem inspections. 

The purpose of this communication is to review 
the knowledge of miners’ lung diseases as recorded 
100 years ago, so that we may assess just how far 
our knowledge of these diseases has advanced in 
the interval. 


General Background 


While, in the main, our concern is with the 
medical aspects of the subject, appreciation of the 
problem will be enhanced by considering the more 
general aspects of coal-mining, particularly as they 
existed in the first 50 years of the nineteenth century. 

According to Bremner (1869) the earliest docu- 
ments in which coal-mining in Great Britain is 
mentioned are ‘“‘ The Saxon Chronicle of Peter- 
borough ’”’ written in the year 852, and Bishop 
Pudsey’s “* Boldon Book ” dated 1180. Newcastle 
coal is first alluded to in a charter granted to the 
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inhabitants of that town in 1234, and the first mention 
of coal in Scotland occurs in a charter granted in 
1291 to the Abbot and Convent of Dunfermline, 
but the earliest workers of the mineral are supposed 
to have been the monks of Newbattle Abbey. As 
might be expected, the earliest workings were 
confined to outcrops occurring along the banks of 
rivers. Underground working at any considerable 
depth had to await the development of efficient 
methods of ventilation and pumping of water. The 
real impetus to coal production was associated 
with the manufacture of iron and derived from the 
development of the steam engine in the early part 
of the eighteenth century. Savery’s original steam- 
pumping engine was made in 1698, and Newcomen’s 
improved model was constructed in 1705, but it 
was not until 1762 that a steam engine was first 
used to work a coal pit in Scotland. By the beginning 
of the nineteenth century, the period with which 
we are concerned here, coal-mining was a large 
and expanding industry. It is estimated that by 
1839 Britain was producing 36,000,000 tons of coal. 
Official statistics, however, were not published 
until 1854 when output was recorded as 64,500,000 
tons. Twelve years later, in 1866, production 
reached 100,728,881 tons, and the number of men 
employed was 320,663 (Bremner, 1869). 

In Scotland at this date the great coal-fields 
occupied a well-defined position extending across 
the country in the line of the valleys of the Forth 
and Clyde and involving a superficial area estimated 
at 1,750 square miles. This area was divided into 
two districts: the eastern district, including the 
Lothians, Fifeshire, Clackmannanshire, Kinross- 
shire, part of Perthshire, the eastern district of 
Stirlingshire and the upper division of Lanarkshire ; 
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and the western district, including the lower division 
of Lanarkshire, the western division of Stirlingshire, 
the counties of Ayr, Dumbarton, Renfrew, Dumfries, 
and Argyll. 

The following table gives a concise picture of the 
industry in Scotland about that time :— 


STATISTICS OF COAL-MINING IN SCOTLAND FOR’ THE 











YEAR 1866 
eis Number of | Number of | Tons of Coal 
District Collieries | Miners | Raised 
Eastern .. 254 21,200 | 6,100,000 
Western .. 218 20,046 | 5,934,638 
Total .. 472 41,246 | 12,034,638 





At the present time, 1951, in Scotland, the 
number of miners employed and the output of coal 
are almost precisely double these figures. 


Employment -in Coal Mines 


The First Report of the Commissioners on 
Children’s Employment in Mines (H.M.S.O., 1842) 
provides abundant detailed information. 

Mining work was not restricted to adult men but 
included women and very young children of both 
sexes: “It is more common for Children to begin 
work in the collieries in the East of Scotland at 
five and six years of age than in any part of England ”’. 
Apparently this custom was established by the 
colliers themselves, for ,jthe mining overseer at 
Edgehead Colliery reported : 

‘*T have been underground overseer in these mines 
eight years and have witnessed with regret the early 
ages colliers take their children below ground. The 
masters have no control over the colliers ; or rather, 
they never interfere with the customs of the colliers 
themselves. Children of seven and eight years of age 
are repeatedly taken below and then all hope of 
instruction ends.” 

As to the length of time spent in underground 
work the Commissioners report : 

** There is overwhelming evidence that the labour 
of the coalpits in this district (East of Scotland) is 
often continued, on alternate days, at least for 15, 16, 
17 and even 18 hours out of the 24, and great numbers 
of Children and Young Persons state that 14 hours 
is the regular and ordinary time during which they 
daily work in the pits.” 

But it is further commented : 

‘* The hours of work in collieries are evidently too 
long, for it is found impossible for men to continue 
them day after day, and the general custom among 
colliers is not to exceed ten days’ work in the fortnight. 
This is the amount of work stipulated by the regulations 
of collieries.” 

Ventilation of underground workings was poor, 
and not infrequently the air was insufficient to 
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sustain the hard physical labour and on occasions 
even to support the combustion of lamps or candles. 
The general atmosphere was vitiated with carburetted 
hydrogen, carbonic acid gas, the fumes of gunpowder, 
and the smoke of oil lamps or tallow candles. 

These very briefly are the circumstances of work 
as they existed in the collieries and against which 
we may now proceed to study the occurrence of 
respiratory diseases as recorded among the coal 
miners at that period. 


Melanosis of the Lungs 


Early in the nineteenth century the pathological 
anatomists of Paris directed attention to “‘ a peculiar 
form of animal production ”’, which they named 
melanosis (Thomson, 1837). 

In 1806 Laénnec delivered to the Faculty of 
Medicine of Paris a memoir on melanosis of the 
lung, of which he distinguished four types: 
(1) melanosis in which the masses are enclosed in 
cysts ; (2) melanosis in which the masses are nct 
encysted ; (3) melanosis in which the black matter 
infiltrates the substance of the lung ; and (4) mela- 
nosis in which the black matter is deposited on the 
surface of the lung. 

Later in his classical treatise on mediate auscul- 
tation (1837), he reviewed and discussed the whole 
subject. Laénnec quite clearly recognized that true 
melanosis was a form of cancer and readily dis- 
tinguishable from the black coloration of the lungs, 
which he had observed to occur in adult life and 
which became more pronounced with the advance 
of age. Coal miners’ lungs, in his experience, were 
characterized by the deposition of ‘“‘/a matiére 
noire pulmonaire ’’ and in some cases he had found 
at necropsy masses resembling ‘un morceau de 
savon noir”’’. In his opinion Bayle had sometimes 
failed to distinguish between melanosis and black 
pulmonary matter. 

Meanwhile in 1815 Bayle had recorded his 
observations on the subject based on 900 necropsies 
in phthisis cases, which had come under his notice 
in the H6pital de la Charité in Paris (Bayle, trans. 
by Barrow, 1815). Among his more interesting 
comments are the following : 

“Phthisis with melanosis is frequently of long 
duration and commonly, for a considerable time, 
does not shew any alarming symptom. All persons 
affected with this species of phthisis have attained an 
advanced age, rarely less than 50 years. When the 
disease is quite single they do not suffer much in the 
chest.”” 

and later : 


‘** Phthisis with Melanosis appears to be that which 
commonly lasts longest ; but of those in whom the 
Phthisis lasts a great many years some are affected 
with tubercular Phthisis. There. are then but few 
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tubercles, and the ulcerations produced by the 
tubercles seem to form a purely local disease which 
does not affect the vital function”... . 

‘“* They are often subject, during the last months of 
their disease, to an oedema of the legs, which frightens 
them much, though it commonly gives way easily.” 


From a series of necropsies, of which some details 
are given, it is clear that he was deaiing mainly 
with chronic fibroid tuberculosis of the lungs and 
nowhere does he suggest that the disease is related 
to occupation. 

The first English contribution to the subject occurs 
in a paper entitled, ‘‘ On the Colouring Matter of 
the Black Bronchial Glands and of the Black Spots 
of the Lungs”, by Dr. George Pearson, F.R.S. 
(Pearson, 1813). In the course of many post-mortem 
inspections Pearson had carefully investigated the 
conditions of the lungs in babies, adolescents, and 
adults and had noted that ‘“‘at the age of about 
twenty years the lungs have a mottled or marbled 
appearance from black and dark blue spots, lines 
and points disseminated under the transparent 
pleura”. By the age of 65 onwards the lungs 
appeared almost uniformly black due to “‘ the num- 
ber and congeries, or coalescence of the maculae, 
points and lines just mentioned”. Following 
experiments in which he subjected portions of lung, 
pleura and bronchial glands to a variety of physical 
and chemical agents he formed the opinion that 
the black matter was due to “ animal charcoal in 
the uncombined state’, the origin of. which he 
ascribed thus : 

**T thitak the charcoal, in the pulmonary organs, is 
introduced with the air in breathing. In the air it is 
suspended in invisibly small. particles, derived from 


the burning of coal, wood and other inflammable 
materials in common life.” 


As to the location and distribution of the black 
matter in the lungs, he then proceeds to make the 
following interesting judgments : 

*“ When I compared the black lines and the black 
net-like figures, many of them pentagonal, on the 
surface of the lungs, with the plates of the lymphatic 
vessels by Cruikshank, Mascagni and Fyffe, I found 
an exact resemblance. And when I found that the 
vessels contained charcoal, I judged that it was fair 
to infer that the lymphatics of the lungs absorb a 
variety of very different substances, and especially 
this coaly matter, which they convey to the bronchial 
glands, and thus render them of a black or dark 
blue colour.” 


From the occurrence of the condition in the 
lungs of country dwellers he concluded that the 
sooty matter was more extensively diffused through 
the atmosphere than was generally apprehended, 
and he explained the absence of the same condition 
in brute animals as being due to the natural short 
period of their life. In a case observed in a man 
B 
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aged 42 years he attributed the condition to his 
being ‘‘ a smoker of tobacco ”’. 

From the foregoing it would appear that Pearson 
was recording the natural pigmentation of the lungs 
which develops in varying degree in the general 
adult population. 

The next recorded reference to black lung occurs 
in relation to a post-mortem examination made at 
the Royal Dispensary, Edinburgh, during the year 
1824-25. Dr. Carswell described this case in an 
article on melanosis in the Cyclopedia of Practical 
Medicine and expressed the opinion that the appear- 
ances observed were similar to those in Dr. Gregory’s 
case, details of which appear next. The occupation 
of the workman was not stated. During life the 
case was regarded as “‘ emphysema consequent upon 
chronic catarrh”’, and the poor patient ultimately 
died ‘‘ universally anasarcous”’. At the inspection 
it was observed that ‘“‘the whole of both lungs 
were perfectly black ; in many parts indurated and ° 
oedematous; in others softened and excavated. 
There were no tubercles, nor was there any similar 
discolouration in any part of the body ”’. 

As will appear later (Thomson, 1837), this 
peculiar discoloration of the lungs continued from 
about this time (1824) to be a matter of regular 
observation and conjecture by doctors throughout 
the coal-mining districts of the east and west of 
Scotland. In their discussions, however, they did 
not specifically relate the condition to occupation. 
No further publication on the subject was made 
until 1831 when Gregory published his ‘* Case of 
Peculiar Black Infiltration of the Lungs resembling 
Melanosis ’’, and he is the first author to record 
in print that the disease arises out of employment 
in coal mines. 

The title itself is of interest and the author’s 
introductory remarks are significant : 

“*T am induced to publish the following case, partly 
because I have not hitherto met with the record of 
any similar affection; and partly with a view of 
calling the attention of these practitioners who reside 
in the vicinity of the great coal-mines, and who may 
have charge of the health of miners, to the existence 
of a disease, to which that numerous class of the 
community would appear to be peculiarly exposed.” 
The case was a man aged 59 years who, after 

having served his time as a regular soldier, was 
employed for 10 or 12 years as a collier at Dalkeith. 
On admission to hospital on March 29, 1831, on 
account of general anasarca, he stated that he had 
been unable to work during the previous 16 months. 
Death from progressive heart failure occurred 
three weeks later. 

At necropsy the lungs were universally adherent 
to the chest wall; the pleura was thickened and in 
places ossified. ‘“‘ When cut into, both lungs 








130 


presented one uniform black carbonaceous colour, 
pervading every part of their substance”. The 
appearances of the left lung are of particular 
interest. 


“The left lung did not appear to contain any 
cavities, but was condensed, and loaded with black 
serum. Some minute hard points could be felt in 
various parts of both lungs, but they did not differ 
at all in colour from the surrounding substance ; and 
no distinct tubercular deposition or infiltration could 
be detected in those portions of the lungs which were 
most hepatized, even with the aid of the microscope. 
The texture in these parts appeared quite uniform, 
and the minute hard points felt in other parts rather 
conveyed the impression of their being merely the 
ends of small bronchial branches divided in making 
the section. The bronchial glands did not appear 
enlarged, but partook of the same black colour as the 
substance of the lungs.” 


Gregory then proceeds with the following com- 
mentary : 

“*The question here immediately presented itself, 
whether this ought to be considered as a case of 
infiltration of the substance of the lungs by the peculiar 
black matter of melanosis ?—or whether the black 
colour of these organs depended merely upon the 
habitual inhalation of a quantity of the coal-dust 
with which the atmosphere of a coal-mine must be 
constantly charged, and which, remaining unabsorbed 
and acting as a foreign body, had led ultimately to 
disorganization of the pulmonary tissue? in like 
manner as one form of phthisis is found to be parti- 
cularly prevalent among those who by their occupa- 
tions are most exposed to the inhalation of small 
irritating particles, such as stone-cutters, millers and 
needle-grinders.” 


He submitted representative portions of the tissues 
to Dr. Christison who, after various tests, reported 
that the black matter, which he found in the lungs, 
was entirely different from melanosis. This accorded 
with Gregory’s own opinion which was based on 
the morbid anatomical appearances. Thus it was 
appreciated that there was a distinction between 
this black infiltration and melanosis, and, further, 
that the condition occurred as an occupational risk 
of coal miners and was possibly due to the inhalation 
of coal dust. 

These opinions on aetiology, pathology, and 
occupational risk seem to have gained an almost 
immediate measure of acceptance, for just two years 
later Dr. William Marshall of Cambuslang, near 
Glasgow (Marshall, 1833, 1834), published two 
articles on ‘“‘ Cases of Spurious Melanosis of the 
Lungs or of Phthisis Melanotica”’. Three cases are 
presented, all men who had worked as coal miners 
from boyhood, and who died, respectively, at the 
ages of 58, 62, and 57 years. In each instance the 
workman had suffered chest symptoms for many 
years, which symptoms the men themselves had 
attributed to bad air in the mines. During the latter 
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part of the illness two of the patients expectorated 
sputum “* changed to deep black colour like printer’s 
ink ’’. The third case was noteworthy in so far as the 
spit was at no time black. In the necropsy reports 
the lungs are described as “‘ coal black” or of “a 
jet-black colour throughout like lamp-black ”’. 

Marshall evidently considered the value of this 
black spit as an aid to early diagnosis, for he writes : 

“There can be little doubt that the black matter 
does not appear in the expectoration until the substance 
of the lung begins to break up; that the black 
expectoration, in fact, marks the stage of commencing 
excavation, and that it increases in quantity as the 
destruction of the lung advances.” 

In reviewing the various post-mortem inspections 
which he had witnessed he records that the lungs 
presented four different conditions of the substance 
of the lung, which may be presumed to mark so 
many consecutive stages of the disease: (1) the 
lung deeply stained with the melanotic deposit, yet 
soft, crepitous ; (2) a similar condition of the lung 
but scattered through it hepatized nodules of greater 
or less bulk, these characterized by their greater 
resistance to the knife; (3) these hepatized areas 
accompanied by vomicae in various stages; and 
(4) general excavation of the lung. 

Various opinions were at that time held as to 
the causation of the disease but in the main it was 
attributed either to the effects of blasting with 
gunpowder, or to the inhalation of lamp-black or 
soot from’ the oil lamps of the miners. Marshall 
rejected the first, as gunpowder was not used at 
the coal-wall in the local mines, but was restricted 
to driving stone-mines. Similarly he rejected the 
second explanation, as lamps were in use at all the 
mines, whereas his cases were derived from only 
two of these mines, so he concluded : 

** The true explanation of the origin of this disease 
in colliers seems to be, that it is in consequence of 
the inhalation of fine coal dust, and its deposition in 
the substance of the lung. That coal may float 
through the air in particles sufficiently fine to be 
inhaled without immediate irritation and that it is 
thus inhaled is a matter of common observation.” 
He further considered that the lungs are able to 

deal with certain quantities of coal dust but men 
“if diseased or otherwise cannot cope with the 
quantity, contract a noxious stage”. As to the 
varying incidence of the condition among colliers 
from different mines, he observes that mines differ 
in degree of dustiness and wetness. Accordingly 
conditions favourable to disease occur in “* mines 
which have hard dry seams and where there is 
much pick work ”’. 

As to the comparative rareness of the disease 
among the men he considers there is an “* individual 
predisposition ”’. 
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In support of his contention that the dust is the 
noxious factor, he cites a case of an iron-moulder, 
who used charcoal in dusting the moulds. 

These two articles were the subject of a critical 
letter addressed to the Editor of the Lancet by 
Matthew Gibson, surgeon, of Govan Haugh, 
Glasgow (Gibson, 1834): ‘‘ In my humble opinion 
these cases are not melanosis of the lungs, but 
rather pure simple every-day phthisis. . . . I do not 
consider the black expectoration to be a disease 
but quite the contrary ” 

In support of his submission he cites cases under 
his care. He admits its prevalence in colliers and 
among others like millers, who are similarly exposed 
to dust in their occupations. 

In the year 1834 Dr. G. Hamilton, of Falkirk, 
presented to the Edinburgh Medical Society a case 
of “ Melanotic Infiltration of the Lungs with Old 
and Recent Pleuritis’.. The patient, who died of 
progressive heart failure, was aged 58 years, and 
for 40 years he had been employed as a moulder 
at Carron iron works. At necropsy the lungs were 
observed to be “ universally pervaded with black 
matter which had collected in dense masses particu- 
larly in the upper portions ; it was as if they had 
been infiltrated with soot or finely powdered char- 
coal but nothing like tubercular matter was present ”’ 
Portions of the indurated lung were sent to Dr. 
Graham, F.R.S.E., lecturer in chemistry in the 
Andersonian Institution, Glasgow. The material 
was digested in hot nitric acid and then dried to 
powder whereby it was found that one quarter of 
the dry residue was composed of carbon. As a 
control experiment, coal and charcoal were treated 
by the same methods. Dr. Graham concludes : 

“‘The carbonaceous matter of the lung cannot 
therefore be supposed to be coal altered by the 
different chemical processes to which it has been 
submitted in separating it from the animal matter of 
the lung. The carbonaceous matter from this lung 
appears rather to be lamp-black. . . . It is obvious, 
therefore, that this is another case of spurious melanosis, 
as previously observed in colliers.”’ 

The carbon represented the finely powdered 
charcoal as used by moulders in their occupation. 
This was confirmed by Dr. Girdwood, a local 
Carron practitioner, who described the clinical 
features of two similar cases under his care. 

Later in the same year (1834), Dr. Graham 
reviewed his observations on morbid material from 
cases referred to him. These are his conclusions. 


**(1) The black matter found in the lungs is not a. 


secretion but comes from without. 
**(2) This foreign matter probably varies in com- 
position in different lungs, but in the cases examined 
seems to be little else than lamp-black or soot. 
** (3) It is evident that the accumulation of charcoal 
in the lungs, which Dr. Pearson remarks to occur 
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more or less in every subject, may proceed in peculiar 
circumstances to a great extent without affecting 
immediately the general health of the patient.” 


Dr. William Craig of Glasgow, who as part of his 
practice attended many patients in the city’s Poor 
Law hospitals, thereupon communicated in a letter 
to Professor Graham his personal ‘‘ Observations 
on Spurious Melanosis”. Some of these merit 
quotation in full. 


“I believe that in all extreme cases of spurious 
melanosis which have occurred in colliers and moulders, 
there must have existed some previous disease of the 
lungs, which prevented the foreign substances from 
being thrown off. May not a tuberculated or exca- 
vated state of the lung favour the retention of the 
black matter ? ” 


In recent times the contributions of Gough 
(Gough and Wentworth, 1946) to the pathology of 
coal miners’ pneumoconiosis are acknowledged as 
outstanding. The large tissue sections of lungs 
have focused attention on the coal nodules and the 
associated focal emphysema. This being so, Craig’s 
observations published in 1834 are of more than 
passing interest. 


“Tt is only in the case of colliers, moulders or 
others who inhale large quantities of black matter, 
that the lungs are rendered perfectly solid. The 
best manner of ascertaining the exact situation of the 
black matter in such cases is by inflating the lung 
slightly, drying it thoroughly, and then cutting it 
into slices in various directions. When a lung is 
prepared in this manner, the air cells can be distinctly 
seen with the naked eye, and by means of a small 
magnifier the exact situation of the black matter may 
be easily ascertained.” 


He continues : 


‘**T have in my possession a specimen of an entire 
dried emphysematous lung, which shows very dis- 
tinctly, in consequence of the dilated state of its 
air-cells, the situation of the black matter. As I look 
upon this preparation as very valuable on this account, 
I will attempt to give you a description of it. Its 
pleural surface presents a grayish or mottled appear- 
ance, in consequence of a mixture of the black matter 
with the dilated air-cells. The interlobular lines 
contain a considerable quantity of black matter. 
Dilated air-cells, varying from the size of a pea to 
that of a walnut, are seen on its surface. .On making 
a vertical section of it, the cut surfaces present the 
usual appearance of an emphysematous lung. The 
air-cells are greatly dilated: throughout its whole 
substance. Instead of being of their natural size, 
which is a little larger than a pin’s point, they are 
generally of the size of a pea. Some are as large as 
to admit the point of the little finger. In some parts 
the cells, besides being simply dilated, are ruptured 
into one another, and present cavities varying from 
the size of a hazel nut to that of a walnut. In those 
cells which are simply dilated, the cavities are uniform, 
rounded and smooth on their inner surfaces ; but in 
those in which rupture has taken place, the cavities 
are irregular in shape, and present delicate ragged 
portions stretching across them in various directions. 
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In some parts these portions have an arborescent 
appearance, being in all probability the. remains of 
arteries. 

** Let us now see in what manner the black matter 
is disposed in these dilated and ruptured air-cells. 
The cut surface of the lung presents an irregularly 
grayish or mottled appearance, in consequence of the 
black matter being more abundant in some parts 
than in others. In those parts where the air-cells are 
most dilated, the black matter is most abundant ; and 
as all the cells are more or less dilated, the cut surface 
of the lung is darker than usual.” 

The subject of the above report was ‘“‘a poor 
woman above ninety years of age, an inmate of the 
Poor’s Hospital of this city ”’. 

Three years later, in 1837, Dr. Thomas Stratton 
of North Shields published a ‘* Case of Anthracosis 
or Black Infiltration of the Lungs”. The chief 
interest of this contribution is that for the first 
time the term anthracosis was applied to the disease 
in colliers. The generic term pneumonokoniosis 
was not invented by Zenker until 1866, and in 
1874 Proust introduced the shorter form in writing 
of anthracosis or pneumoconiosis anthracosica. 
The next stage is marked by the classic contributions 
to the literature in 1837 and 1838 by Thomson of 
Edinburgh. These articles represent the experience 
and observations of the author and his father 
beginning with attendance at a post-mortem exam- 
ination conducted at the Royal Dispensary, Edin- 
burgh, in 1824. This appears to have excited their 
interest and thereupon they resolved to collect as 
much information on the subject as possible. To 
this end they enlisted the support of their medical 
friends, and among those who collaborated it is 
interesting to note the name of Dr. James Y. 
Simpson and many of those whose original contri- 
butions have already been noted. 

The main inquiry was carried out in 1833 by 
means of a questionnaire which was addressed to 
doctors practising in colliery areas. 

After a review of the existing literature Thomson 
proceeds to an analysis of the cases recorded in 
the communication. These are divisible into cases 
observed at necropsy, and sub-divided into those 
manifesting symptoms in life, and those without 
symptoms or signs, and clinical cases in which no 
necropsy was obtained. 

Among the doctors who replied there is con- 
siderable diversity of opinion as to the occurrence, 
incidence, nature, and manifestations of the disease. 
Even so it is quite clear that their experience would 
approximate very closely to a similar inquiry carried 
out today. The tubercle bacillus was unknown to 
them but they clearly distinguished between phthisis 
and tubercular phthisis, between wasting in which 
the patient died ‘“‘ universally anasarcous”’, and 
emaciation in which the patient died of a “‘ hectic 
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consumption”. Radiographic examination of the 
lungs was not available, but their observations and 
descriptions of pathological changes were minute 
and accurate and closely correlated with clinical 
manifestations and formed the basis of a classifica- 
tion into stages of disease. They recognized the 
nodulation in stone workers as opposed to the black 
crepitous lungs and massive agglomerations in the 
lungs of the men at the coal-wall. From necropsies 
on men killed in accidents they learned that universal 
black lung was compatible with health and full work. 
Certain excerpts from the replies are worthy of 
reproduction here. 


Symptomatology 


Dr. James Y. Simpson, reporting on a man aged 
40 years, who had been employed for many years 
at Pencaitland colliery, near Tranent, as a coal- 
setter, that is “in removing the strata of sandstone 
and the beds and veins of secondary trap ”’, records : 


“He labours under a continual slight dyspnoea, 
which does not prevent him from taking gentle 
exercise but it is always aggravated to a great degree 
by any considerable exertion. The symptoms alto- 
gether approach more to those of asthma or of chronic 
mucous catarrh, than to those of tubercular phthisis.” 


In a second case of a man aged 60 years described 
by the same doctor : 


** Though capable of taking a considerable degree 
of easy exercise on foot, and to external appearance 
rather a hale-looking old man, he has been perfectly 
unable to work in the pits, or at any employment 
for five years past, on account of a great want of 
breath. During the previous four or five years he 
had suffered much from dyspnoea, especially on going 
to the pit in the morning, the road being up-hill.” 


Dr. Marshall, reporting on a miner who had 
suffered for seven years from cough and dyspnoea 
aggravated in winter states that “the sputum 
became purulent and he had all the appearances of 
a person labouring under phthisis”. The sputum 
is variously described as resembling printers’ ink, 
black ink, china-ink or blacking or tinged with 
soot or coal-coom. Thomson himself observes : 


**The black matter expectorated by colliers is of 
two kinds. One is simply the coal-dust inhaled while 
the individual is at work, and this is spit by every 
collier, the quantity varying according to the nature 
of the coal and the manner in which it is worked. 
The dust thus inhaled is never considered by the 
workman as at all dangerous, and is generally wholly 
expectorated in a few hours, or at most in a day or 
two after exposure. The miners are of opinion that 
eating largely of fresh butter facilitates its expectora- 
tion. The other kind of black matter is of a very 
different nature, being generated in the lungs themselves. 
When the disposition to produce it has been created, 
that disposition continues after the cause has been 
removed.” 
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Clinical Signs 
The following picture of a patient is striking : 


“He has a considerable degree of the stoop or 
rounded curvature of the back which is so frequently 
seen in old asthmatics, and his sternum and ribs are 
projected forwards in the manner in which they are 
usually seen to be in such individuals.” 


Morbid Anatomy 
At necropsy the commonly recorded features are 


pleural adhesions, cartilaginous pleura, large mela- 
notic glands, lung tissue hard and inelastic, enlarged 
air cells and heart hypertrophied but otherwise 
unaltered. 


Two distinct groups of lung changes wére clearly 


recognized approximating closely to simple dust 
reticulation of coal miners and complicated pneumo- 
coniosis. The former is represented by these 
emceeyts : : 


‘** The pulmonary tissue was very black, and afforded 
the black colouring matter with great facility when cut 
down and pressed in water. It appeared, however, 
sound and to have suffered no change of structure.” 


and in another case : 


“Black infiltration of the lung was discovered in 
what I presume to be its early stage—that in which 
the substance of the lung, though charged with black 
matter, is still crepitous and respirable.” 


The following accords with complicated pneumo- 
coniosis possibly of silico-anthracotic type : 


“On removing the two lungs from the chest, they 
were seen to present, over their whole surface, a 
general deep or dark blue colour. The surfaces of 
both lungs were very rugged and uneven, from 
irregular superficial puckerings at some parts, and 
small and apparently emphysematous elevations at 
others. Both their lower lobes were extremely 
emphysematous, some of the emphysematous cells 
being as large as walnuts. . . . The upper lobes of 
the two lungs, and some portions of the lower lobes, 
though considerably oedematous, were crepitant, 
elastic, and light enough to float in water. Several 
portions of greater or less extent in the lower lobes 
were converted into a compact, indurated but always 
deep black structure, and in the upper part of the 
lower lobe of the left lung, these solidified portions 
were very friable, and had broken down into irregular 
excavations, traversed by shreds or bands of the 
disintegrated pulmonary structure, and filled with a 
substance like thick liquid blacking, or a very strong 
solution of china-ink. Throughout the whole sub- 
stance of both lungs, except at the points where the 
structure of the organ was generally solidified, a 
number of small, firm, scattered knots or granules, 
like miliary tubercles, could be felt and seen.” 


Several of the other cases are consistent with 
pneumoconiosis accompanied by tuberculosis. 

George Hogg, aged 40 years at the date of his 
death, had been employed for several years “‘ as a 
coal-setter, or in removing the strata of sandstone, 
and the beds and veins of secondary trap and other 
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rocks of the mine that impeded the free working 
of the coal seam. Some of the coal-setters that 
worked in the same mines as himself, have, to his 
knowledge, died after labouring under catarrh of a 
more or less chronic character with black expec- 
toration ” 

The post-mortem findings suggest massive silicosis 
and the minute accuracy of the description is 
impressive. 


“On raising the sternum the lungs were seen 
projecting forwards, and appeared to fill completely 
the cavities of the chest.” 

“Judging from the strength of these pleuritic 
adhesions, and from the difficulty with which they 
were torn, they appeared to be of an old date. . 

“Their external surface, particularly that of the 
left lung, felt in numerous points rough and a little 
elevated by defined deposits of a solid matter beneath 
the pleura, in the form of compact masses of nodules, 
roundish, oblong, variously irregular in their figure, 
at some points isolated, and at others more or less 
agglomerated, and varying from the size of a hemp- 
seed to that of a cherry-stone or larger. .. . 

** At one part of the surface of the upper lobe of 
the left lung, and immediately connected with and 
covered by a portion of corresponding, thickened and 
almost cartilaginous pleura, the substance of the lung, 
for about an inch in extent and a quarter or half an 
inch in breadth and depth, seemed transformed into 
a mass, the section of which very much resembled, 
both in point of density and colour, the section of a 
piece of compact black caoutchouc.” 


Varieties of Pneumoconiosis 


Dr. Dewar of Dunfermline clearly distinguished 
between varieties of pneumoconiosis, their aetiology, 
and significance : 


“You will please observe the distinction between 
colliers and stone-workers. The former are employed 
merely at the coal-wall, and use only picks and 
wedges at their work ; while the stone-workers are 
occupied, in whole or in part, in removing the freestone 
and other rubbish which separate the different layers 
of coal. In these latter operations, the aid of gun- 
powder is constantly required, and the workmen, 
from the very imperfect state of the ventilation, are 
frequently enveloped in dense smoke. The persons 
who are exposed to this noxious atmosphere are, so 
far as my experience goes, the victims of this most 
fatal species of disease in the lungs, viz. consumption 
with black spitting.” 


Differences in Risks 


Dr. Steele adds his testimony in support, and 
adds further to our knowledge of specific conditions 
in different mines which magnified the risk. 


**In the mid-Lothian coal-field the edge-seams are 
considered to be in a much greater degree injurious 
than the flat. This is owing chiefly to three circum- 
stances :—Ist. In the edge seams the strata are not 
so much impregnated with water. 2nd. The cutting 
process by the pick of the miner is carried on more 
upon a line with his own face, and hence more dust 
is emitted and inhaled. But the principal reason is, 
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that the stone contains some poisonous matter which 
is probably of a metallic nature, as the workman 
complains of its exciting a styptic and metallic taste 
in the mouth. A mine was carried across the strata 
in the Niddry estate, the finishing of which required 
anumber of years. Six or eight of the miners employed 
in it died ; several were obliged to leave it, and only 
one of those who commenced it was able to work 
in it throughout and lived to see it completed. There 
was a particular stone in this mine, which was repeat- 
edly met with, and td which the miners gave the 
name of arsenic, which was found highly pestiferous ; 
its exact nature I am not acquainted with. In a 
stone-mine seen some years ago in the Newbattle 
field, a great many men died, the average length of 
time each of the miners employed in it Jived, being 
about two years. The mortality was ascribed to the 
nature of the stone.” 


Dr. Stevenson of Gilmerton added further 
valuable comments. He considered that the evil 
arose from the species of rock through which the 
mines are driven, particularly sandstone, and not 
from the mere operations of mining alone. 


Association with Other Diseases 


As to the effect on health and longevity, Dr. 
Steele observed : 


‘** Those who restrict themselves to the working of 
coal are not peculiarly liable to pulmonary complaints, 
and they are as long-lived and as healthy as any class 
of labourers whatever. The temperature of the place 
in which they work is almost always warm and equable ; 
they suffer little from any inflammatory complaint 
excepting rheumatism, and tubercular phthisis is 
among them a rare disease.” 


Dr. Steele of Midlothian summarizes these aspects 
admirably : 

““The period of life at which the disease occurs 
must vary according to the length of time the individual 
has been exposed to the exciting cause and to natural 
difference of constitution ; and it must depend also 
on the nature of the minerals in which the mining 
operations are conducted. I have often seen it prove 
fatal about the age of from fifty to fifty-five.” 


Generally the disease once contracted was recog- 
nized to be incurable, but Steele records that if the 
workman,“ be under forty years of age and if he 
take care of himself, he may still be restored to 
the enjoyment, for a time at least, of tolerable 
health ; but if towards fifty there is no hope for 
him ”’. 

This may be due to the fact that the aid of the 
doctor is sought too late. 

And here is a description of the last phase of 
the illness. 


“He is awoke with sometimes an intense feeling 
of suffocation ; his lips and face become livid, he 
throws his body forwards and grasps his knees with his 
hands, that being the only attitude in which respiration 
can be carried on.” 
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Apparently affected men, who though no longer 
able to work at the coal-face, were able to do other 
work. Thus John Cowan, aged 58 years, a coal 
miner from his boyhood, had symptoms of chest 
disease for seven years. Finally “‘ he was compelled 
by the state of his complaints to abandon working 
in the mine, but he continued to do light work 
above ground until rendered totally unfit ’’. 

Others reflect a problem all too familiar today : 

“The man determines to give up stone-working, 
and does so for a time but the inducement of a higher 
rate of wages again tempts him to his destruction.” 


Geographical Distribution of the Disease 


As to incidence of the disease throughout the 
mining areas there are no statistics but Steele 
represents the experience of not a few doctors. 

“It would afford me much gratification if any 
means could be devised as regards either prevention 
or remedy, whereby might be lessened the evils of a 
disease, the ravages of which, upon the most robust 
constitutions, I have every day cause to deplore.” 
The Report of the Commission on Mines (1842) 

leaves no reason for doubt as to the general prev- 
alence of the disease throughout Great Britain. 
Evidence by doctors practising in every mining 
community reveals the unusually high morbidity 
and mortality from chronic pulmonary diseases 
among miners, and the reports by Scottish doctors 
are particularly definite. 

Makellar (1845), who practised in the coal-mining 
district of Haddingtonshire, was the next to present 
his experiences of the disease, and this is of particular 
interest as it reveals his reaction to the Report of 
the Commission on Mines. He is in no doubt as 
to the cause of the disease. 

“The disease is due to carbon, which has been 
conveyed into the minute pulmonary ramifications, 
in various forms, during inspiration; and which 
while lodged in these tissues, produces irritation, 
terminating in chronic ulcerative action of the 
parenchymatous substance. Thevery minute bronchial 
ramifications first become impacted with carbon, and 
consequently impervious to air; by gradual accumu- 
lation, this impacted mass assumes a rather consistent 
form, mechanically compressing and obliterating the 
air-cells, irritating the surrounding substance, and 
promoting the progressive extension of the morbid 
action, till the whole lobe is infiltrated with carbon- 
aceous matter, which, sooner or later, ends in ulcera- 
tion and general disorganisation of the part.” 
Originally whale oil was used for burning in the 

miners’ cap-lamps, but about 1815 linseed oil was 
substituted on grounds of economy and “ many 
old miners date the greater prevalence of black 
spit to the introduction of linseed oil ’’ which was 
much more sooty. 

Makellar is the first effectively to approach the 
problem of prevention : 
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“* The coal-miners—those on whose behalf I would 
now solicit the intervention of science—are most 
valuable in their place, and their exhausting labours 
promote, in no small degree, our domestic comforts.” 

“It is to be regretted, however, that his Lordship 
(Lord Ashley) did not embody in his measure, pro- 
visions enforcing the free ventilation of mines under 
government inspection, for nothing would tend more 
to improve the health of those employed in them.” 


The interest of doctors continued but with a chang- 
ing emphasis. In 1851 William Calder presented a 
case to the Edinburgh Clinical Club. Discussing 
the occurrence of the disease he remarks : 

““Some have supposed that tubercular phthisis is 


first set up, and that the carbonaceous deposit is then 
insinuated among the textures and ulcerations.” 


This conclusion is simple and practical. 


“The disease. once established, does not admit of 
cure by art. The only means of preventing the 
disease seems to consist in ventilating the mines where 
colliers work, or adopting means of carrying off the 
fumes to which the moulders of iron and copper are 
exposed. Such prophylactic measures are equally 
called for, whatever theory of the nature of the disorder 
shall ultimately prove to be correct.’ 


Six years later Cox (1857), writing of the diseases 
of colliers in South Lancashire, propounds the 
ae of the preventive idea : 

“The prevention of disease is fully as reliable a 
testimony of professional skill and scientific knowledge 
as its treatment ; whilst it is generally considered to 
constitute a surer evidence of the possession of that 
disinterested and noble philanthropy which should 
ever characterise the disciples of physic.” 


And, moreover, disease involves the whole man, 
in his body and in his mind. 

‘* By the dispensations of the All-Wise, the laws of 
our physical being, and those by the operation of 
which our moral nature is regulated, are so nicely 
balanced, so admirably linked together, that any 
infringement of the one is speedily productive of a 
baneful effect in the proper observance of the other ; 
and the equilibrium once being destroyed, the reaction 
of evil from each to each goes on, multiplying mischief, 
until the body and the mind are alike tainted and 
corrupt.” 


As a means of amelioration he suggests the 
establishment of mechanics’ institutes and adult 
education, but of primary importance he considers 
the establishment of baths and wash-houses in the 
immediate vicinity of the coal pits, and the erection 
of improved dwellings with a good water supply 
for the habitation of the operatives. 

Discussion of the precise cause of the disease 
continued, and so renowned a pathologist as 
Virchow (1858), following microscopic examination 
of coal from various countries, submitted that coal 
is never really black but brown and he therefore 
concluded : 
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“This distinction is so marked and constant, that 
we cannot admit the inhalation of particles of coal 
dust as the source of the pigmentation.” 


He is even more explicit in rejecting inhaled dust 
as the causative agent; the condition, he says is 
“due to extravasation of blood and subsequent 
transformation of haematin and not with an 
absorption and deposit of carbonaceous matters 
inhaled into the lungs.” 

Definition of “‘ dust” is still a matter of con- 
siderable controversy, so, in passing, it may be 
justifiable to note the words of Cox, “* solid mechani- 
cal impurities . . . floating in a minute state of 
division ’”, and again ‘‘ impalpable powder ” 

By many the soot from oil lamps and the smoke 
of tallow candles continued to be regarded as 
contributory. In 1864 at a meeting of the Medico- 
Chirurgical Society of Edinburgh, Sanders (1864) 
presented a preparation of material expectorated 
by a patient and for comparison a micro-specimen 
of Dalkeith coal. They were identical. Comment is 
made that : 

“This observation was of some importance in 
regard to the question still undecided whether the 


black matter in the coal-miners’ melanotic lung was 
due to coal, or cnly to a deposit of pure carbon.” 


Meanwhile Thomson (1858) reviewing the problem 
remarked : 

““T cannot help thinking that medical inspectors 
should, long ere this, have been appointed to co-operate 
with mining engineers, in order to apply the most 
enlightened rules of hygiene for the safety and health 
of this numerous and important class of workpeople. 
Had this been the case, I am satisfied that the true 
cause or causes of their diseases would, ere now, 
have been much palliated or prevented.” 


So he makes the following recommendations : 
**(1) I would insist by conciliatory or repressive 
measures upon the substitution of tallow for oil. 
(2) There ought to be a Medical Inspector of Mines, 
and (3) we want due regulation and restriction of 
the hours of labour ” 

During the next few years Sir John Simon, Medical 
Officer of the Privy Council, deputed Dr. Greenhow, 
a member of his staff, to enquire into the excessive 
mortality from lung diseases, which had been 
shown, by official statistics, to occur in certain 
mining districts throughout England and . Wales. 
Greenhow visited the various areas, where he con- 
sulted with employers and workmen. His findings 
were duly recorded in reports in 1860 and 1861. 
In the second report he states : 

‘Some miners retain their health till an advanced 
period of life, but the greater number suffer, more or 
less, from asthmatical symptoms before attaining the 
age of 50, and many break down and are disabled at 
from 40 to 50 years of age.” 
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A collier, who had previously worked in Cumber- 
land, and interviewed at Wolverhampton, was of 
opinion that asthma was more prevalent among 
colliers in south Staffordshire than in Cumberland, 
and he ascribed the difference to less perfect 
ventilation of the south Staffordshire collieries. 

Another very intelligent miner in the same area 
confirmed this experience, but emphasized that the 
disease depended on the constitution of the men 
and whether or not they habitually work in ill- 
ventilated places, or in mines that give out much 
** damp ”’. 

This last observation is of considerable interest 
in relation to the “rank of coal” hypothesis 
advanced by Hart and Aslett (1943) to explain 
the widely divergent incidence of pneumoconiosis 
between the anthracite and bituminous areas of 
South Wales. 

At Merthyr Tydvil and Abergavenny, Greenhow 
obtained similar evidence and he finally sums up: 


“In reference to this disease it seems quite certain 
from the evidence adduced, that it is much less 
prevalent than formerly ; a result, as was distinctly 
stated by many witnesses, of the official inspection of 
coal-mines.”’ - 


In 1866 Warburton Begbie comprehensively reviewed 
the current knowledge of anthracosis or coal miners’ 
phthisis. He describes anthracosis as “‘ a pulmonary 
disease . . . specially although not exclusively met 
with in coal mines, which now threatens to become 
very rare in its occurrence ; there are indeed indi- 
cations of its happily altogether disappearing ”’. 
Commenting on the attitude of the men themselves 
he indicates that they ignore black spit as part of 
their occupation and not necessarily unhealthful. 

A relevant comment from a non-medical source 
appears in the annual report of Mr. Leonard 
Brough, H.M. Inspector of Mines for South Wales 
and Monmouth (1871) : 


** Abundant ventilating power, plenty of room for 
air in motion throughout the pit, attention to the 
state of the atmosphere, good officers and strict 
discipline ; these are the arcana of safety underground, 
if indeed there are any secrets in the matter, which 
I very much doubt, for it is only a question of money 
after all.” 


Probably he was primarily concerned with the 
prevention of underground explosions but his 
observations are obviously pertinent to general 
health conditions. 

The Scottish story of miners’ anthracosis was 
resumed in 1875 by Dr. William Sneddon who 
practised at Beith in the Ayrshire coalfield. He 
records that the air of the mines had been consider- 
ably improved and as a result “the disease is 
somewhat rare now, at least in its acute form ”’. 
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Nowadays the payment of danger or dirty money 
is a well-established incentive practice in many 
occupations and industries, so it is interesting to 
learn that then as now 

“There are some men so short-sighted that they 
are known to work in the worst place in the mine for. 
a larger rate of wages.” 

It is abundantly clear that Sneddon and his 
fellow practitioners were concerned to discover how 
the effects of the disease might be retarded and 
mitigated, how men in serious stations in the mine 
might be transferred to less dusty places. Sneddon 
expresses his views : 

‘**In the majority of works that I know of, there 
are special men for each of the employments mentioned. 
It would be better if the miner, instead of always 
being confined in his small, dusty, ill-ventilated place, 
would also assist in drawing his coals, etc., from the 
‘face’ to the bottom of the pit, where he would be in 
a clearer and better air occasionally.” 

This plan is not so very much different from our 
modern recommendations of work “in approved 
dust conditions ”’. : 

Reference to the diminishing prevalence of the 
disease continued. At the annual meeting of the 
British Medical Assoeiation held at Sheffield in 
August, 1876, Dr. Edwin Chadwick presided over 
a symposium on industrial diseases. Dr. W. T. 
Gairdner, Regius Professor of Medicine in the 
University of Glasgow, had been invited to present 
a paper on “‘collier’s black spit”. This he was 
unable to do for as he explained : 

** He had been unable to obtain sufficient information 
on the subject, and this he ascribed to the fact that 
this special form of pathological lesion had so much 
diminished of later years, in consequence of improved 
sanitary precautions, as to be almost quite extinct.” 
The next contribution, by reason of the particular 

qualification of its author, is of unusual interest. 

In the year 1876 Dr. T. G. Nasmyth started 
practice in the colliery village, Hill of Beath, Fife. 
Not only was he a physician but he was also a 
Doctor of Science of Edinburgh University, and he 
was particularly interested in the study of the air 
of mines. He records that : 

“In talking with miners on the subject, they have 
told me that about twenty years ago sometimes the 
air was so bad that, if the lamp were unaided, it would 
not burn, but by constant attention it might be made 
to give out a feeble light, and it was frequently the 
duty of boys when too young or too small for harder 
work to trim the lamps, and keep them burning for 
their fathers or seniors. This is a rude test, but at 
the same time impresses one with the idea, that the 
air must have been very bad.” 

In support he cites the observations made by 
Angus Smith in 1863, who by the examination of 
339 specimens of air from coal mines found 0-785% 
carbonic acid. He concludes : 
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““The point seems to be abundantly proved that, 
twenty-five years ago, at any rate, the air of mines 
was bad, and the effect on the health of the miners 
was correspondingly bad.” 

Nasmyth’s experience extending over the 12 years, 
1876-1887, had been marked by great improvements 
and he sums up : 

“Twenty years ago air was very bad in mines ; 
ventilation was almost unknown, and the hours were 
very long. Nowadays the air is generally good ; 
ventilation is efficiently carried on, and the hours of 
work are short. The miner works hard whilst at his 
work, but he has short hours and many holidays. 
In the tables of statistics, I have shown that phthisis, 
contrary to general opinion, is not a common disease 
amongst miners, and my own everyday experience for 
ten years in a large mining population supports these 
tables. In fact, I know of no disease peculiar to 
miners, or any disease in excess existing among 
miners. I have also consulted many other medical 
men practising among colliers, and their opinion 
coincides with my own. In conclusion, I have to 
state, as my belief, that the conditions connected with 
miners’ occupation are as favourable to health as 
those in the occupations of any other workman, and 
this opinion is borne out by the vital statistics quoted.” 
It is pertinent to remark, in passing, that the 

discovery of the tubercle bacillus by Koch in 1882 
had enabled medical men to distinguish between 
phthisis and tubercular phthisis, and that Sneddon 
in 1875 had recorded that the mean age at death 
of miners in his practice was 43-1 years, which 
compared favourably with other occupations. 

So it would appear that an end had been reached ; 
the lung diseases of coal miners variously denomi- 
nated as black spit, black: infiltration of the lungs, 
spurious melanosis, anthracosis, phthisis melanotika, 
and pneumoconiosis ‘ anthracosica had, for all 
practical purposes, ceased to exist as a medical 
problem. This happy state had been achieved in 
50 years, 1825 to 1875,:by improved ventilation 
and improved sanitary conditions in coal mines, 
together with shorter working hours. : In that period 
doctors by their assiduous studies post-mortem had 
accurately described and distinguished the various 
pathological changes in the lungs and the associated 
effects on other organs. These lesions had, in turn, 
been precisely correlated with the clinical manifes- 
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tations. After considerable controversy, they were 
almost unanimously agreed that the disease involved 
some constitutional factor but primarily arose from 
the inhalation of mine dust ; that simple coal dust 
was comparatively harmless and that stone dust 
was the really noxious factor. In relation to coal 
dust tubercular phthisis was rare, whereas in relation 
to stone dust it was common. During the early 
years when the disease was prevalent in colliery 
villages, the doctors had not failed to emphasize 
the social and economic problems of the disabled 
workmen and they had recommended practical 
means of mitigating the disease and its consequences. 
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THE USE OF STANDARD FILMS IN THE RADIOLOGICAL 
DIAGNOSIS OF COALWORKERS’ PNEUMOCONIOSIS 
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From the M.R.C. Pneumoconiosis Research Unit, Llandough Hospital, near Cardiff 
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In an earlier paper (Fletcher and Oldham, 1949), 
we reported the results of an experiment in which 
ten doctors, experienced in the radiological diagnosis 
of coalworkers’ pneumoconiosis, were asked to 
classify 102 films of coal miners, by degree of 
abnormality, into five categories. Serious disagree- 
ment was found between the readings of different 
observers (inter-observer error), and between the 
first and second readings of the same observers 
(intra-observer error), and we suggested that such 
inaccuracies of diagnosis might be lessened by the 
use of standard films, exemplifying the limits of the 
categories, which could be used for direct side-by- 
side comparison with the films to be classified. 
We now report the results of an experiment designed 
to test the value of standard films for this 
purpose. 

In analysing the results of our previous experiment, 
we found that although the various readers differed 
in the quantitative classification of simple pneumo- 
coniosis, it could be shown that on the average 
their use of the four categories which we had sug- 
gested did in fact subdivide the range of abnormality 
of simple pneumoconiosis, from the earliest detect- 
able change to the most advanced abnormality, into 
four roughly equal “ivisions. Moreover, sequential 
radiographs of the same cases have suggested: that 
progression of simple pneumoconiosis is much more 
closely related to quantitative increase of radio- 
graphic abnormality than to qualitative changes. 
(Davies, Fletcher, Mann, and Stewart, 1949). At 
the Pneumoconiosis Research Unit it was, therefore, 
decided to use a quantitative classification of simple 
pneumoconiosis and abandon the use of qualitative 
terms such as “ reticulation ”’, “‘ stippling ’’, “* nodula- 
tion”, and so on. The precise basis for this quanti- 
tative classification was worked out by Davies and 
Mann (1948), and has been more fully discussed by 
Fletcher, Mann, Davies, Cochrane, Gilson, and 
Hugh-Jones (1949). Qualitative differences between 
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various types of films are still recognized, but the 
main basis for classification is a subdivision of 
simple pneumoconiosis of coalworkers into four 
categories, increasing in degree of abnormality, 
numbered 1 to 4, the figure 0 being reserved for 
films which are within normal limits. Films showing 
evidence of progressive massive fibrosis (P.M.F.) 
are separately classified in four categories A, B, C, 
and D. This classification has been used by the 
Pneumoconiosis Research Unit for three years and 
has also been adopted by the pneumoconiosis 
medical panels of the Ministry of National Insurance. 
A closely similar system has recently been recom- 
mended by the International Conference of Experts 
on Pneumoconiosis (Fletcher, 1950; I.L.0., 1950). 

From the “ Victor Medium” group of films used 
in our first experiment, standard films were selected 
according to the classification given during that 
experiment. A film on which opinion was equally 
divided between two categories was taken as defining 
the lower limit of the higher of these two categories. 
In this way, four films were selected exemplifying 
the lower limit of categories 1, 2, 3, and 4, and 
these were used in the routine work of radiographic 
assessment in the Pneumoconiosis Research Unit. 

It was clearly important to assess experimentally 
the value of such standard films in increasing the 
accuracy of diagnosis. To this end a group of 
films was selected and four observers on the medical 
staff of the Pneumoconiosis Research Unit read 
them with and without standard films, classifying 
them according to a number of characteristics. 
This test is Part I of our experiment. It was in 
certain respects unsatisfactory and too complicated, 
so a selection was made from the same group of films, 
and six observers of the pneumoconiosis medical 
panels of the Ministry of National Insurance read 
this shorter series with and without standards using 
only the simple quantitative classification. This set 
of readings is Part II of the experiment. 
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A further short trial of the use of standard films 
by observers wholly inexperienced in the classification 
used by the Pneumoconiosis Research Unit was 
carried out later. 

The results of the experiments were less conclusive 
than had been hoped, but they do suggest that 
standard films, when properly used, may result in 
increased accuracy of radiological diagnosis and 
may assist the inexperienced to use a classification 
with reasonable accuracy. 


Methods : Part I 


Observers.—Observers W, X, Y, and Z were all 
members of the medical staff of the Pneumoconiosis 
Research Unit (P.R.U. Observers). W, X, and Y had 
had considerable experience in the use of the Pneumo- 
coniosis Research Unit’s system of classification of films. 
Z was well acquainted with the system but had had less 
experience in its use. 


Selection of Films.—We decided not to use the same 
set of films as in our previous experiment, because 
these included many films of unsatisfactory technical 
standard. Moreover, the standard films which we were 
using had been extracted from the original set, which 
was thus incomplete. We hoped originally to use the 
experiment to investigate not only the diagnosis of 
simple pneumoconiosis but also to test the accuracy of 
diagnosis of abnormalities of lung markings, emphysema, 
and the earlier stages of progressive massive fibrosis. 
For these reasons, we decided to select 120 films falling 
into the foilowing groups :— 


(1) Sixteen normal films from men who had never 
been exposed to a dust risk and had no respiratory 
symptoms ; (2) 16 films of men attending an asthma 
clinic, who had had no coal dust exposure ; (3) 16 films 
of coal miners who had been exposed to dust inhalation 
for at least 10 years but whose radiographs still appeared 
to be within normal limits ; (4) 16 films of coal miners 
with category 1 simple pneumoconiosis ; (5) 16 films 
of coal miners with category 2 simple pneumoconiosis ; 
(6) 16 films of coal miners with category 3 simple 
pneumoconiosis ; (7) eight films of coal miners with 
category 4 simple pneumoconiosis; (8) 16 films of 
coal miners with category 3 or 4 simple pneumoconiosis 
with, in addition, early progressive massive fibrosis of 
category A. 


The selection was made by one of us (C. M. F.) with 
Mr. W. G. Clarke (chief radiographer of the Pneumo- 
coniosis Research Unit), from films already in the Unit 
files. Care was taken to ensure that the age distribution 
of the cases and the radiographic technique was similar 
in each group. Only those films were accepted in which 
the vertebral column was visible through the heart 
shadow but in which the intravertebral spaces could not 
be distinguished. Even within these limits there may be 
a considerable difference in penetration, but care was 
taken to ensure that within each group there was the 
same proportion of slightly under-penetrated or slightly 
over-penetrated films. All the films were taken with 
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the technique described in our earlier paper for the 
“Victor Medium ”’ films. 


Reading of Films.—The films were arranged in an 
order derived from a table of random sampling numbers 
and each was given a serial number from 1 to 120. 
The set was read four times by each observer, (1) using 
standard films, (2) without standard films, (3) without 
standards, and finally (4) with standards again. This 
order was chosen because we intended at this stage to 
include inexperienced readers in the trial who, we 
assumed, would have to use the standards for the first 
reading in order to appreciate the degree of abnormality 
represented by each category. 

During all the readings, the observers had the following 
written definitions of the categories before them. 


Categories of Simple Pneumoconiosis 


There are four categories of increasing abnormality, 
in addition to films that fall within normal limits 
(Category 0). These categories are :— 


Category 1 (Minimal Simple Pneumoconiosis).—In 
these films a small number of typical opacities can be 
seen, usually in the second, third, or fourth anterior 
rib spaces in the middle longitudinal zone of the lung, 
more commonly on the right than on the left. The 
lung markings are clearly visible. 


Category 2 (Moderate Simple Pneumoconiosis).—The 
opacities are more numerous and are distributed in all 
zones with the exception of the outer third of the lung 
fields where they are sparse or absent. The lung mark- 
ings are still visible although not so clearly as in the 
previous category. 


Category 3 (Marked Simple Pneumoconiosis).—With 
the exception of an occasional large vessel in the upper 
and lower zones, the lung markings are now obscured 
by minute, small, or medium opacities, singly or in 
combination, profusely scattered throughout both lung 
fields, including the outer third of the lung. 


Category 4 (Maximal Simple Pneumoconiosis).—In 
these films, the lung fields are, as it were, filled ‘‘ to 
capacity ” with typical opacities. 

It should be noted that the distinction of the categories 
is made chiefly on the following grounds : the profusion 
of the opacities, the presence or absence of the opacities 
at the periphery of the lung fields, and the degree of 
obscuration of lung markings. 

In cases in which the severity of simple pneumoconiosis 
varies from one area of the lung field to another, the 
category is determined by the most advanced disease 
which is present over at least half of one lung field. 


During the readings with standards, five standard 
films were used, exemplifying the lower limits of 
categories 1, 2, 3, and 4 of simple pneumoconiosis and 
of the least definite localized shadow acceptable for 
a diagnosis of progressive massive fibrosis. As each 
film was placed on the viewing screen, the observer 
asked for the appropriate standard film which was then 
placed on an adjacent screen. Thus if he were debating 


in his mind whether to diagnose category 1 or 2, he 
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would ask for standard 2. If he considered the abnor- 
mality to be as great as or greater than that in the 
standard film, he would diagnose category 2. The 
standard film category 3 would then be placed on 
another adjacent screen, so that he could be sure that 
the abnormality was not as great as the lower limit of 
category 3. Thus, in the reading of nearly every film, 
two standards were used for comparison. The second 
standard was unnecessary when the unknown film was 
close in degree of abnormality to the first. 

In connexion with each film, the observer was asked 
to state the category of simple pneumoconiosis if this 
were present. If it was not, he was asked whether he 
thought that there was any evidence in the film that the 
man had worked as a miner. (The purpose of this 
question was to see whether there was any abnormality 
even earlier than category 1 simple pneumoconiosis by 
which men with dust exposure could be distinguished 
from those without exposure.) Finally, he was asked 
whether there was any evidence of tuberculosis or massive 
fibrosis, whether the lung markings were abnormal and 
whether there was any evidence of emphysema. (The 
findings from these questions will not be reported in 
the present paper.) The observers’ readings were 
recorded by one of the authors or by an assistant. The 
films were read alternately in the orders 1-120, and 120-1. 
The intervals lapsing between the various readings 
were two to six days. 

After the individual readings had been carried out, 
observers W, X, Y, and Z met together and read the 
films in consultation using standard films, each film 
being discussed until agreement was reached. Where 
one observer insisted on disagreeing with the others, his 
opinion was disregarded, the majority opinion being 
accepted. Where there was an equal division of opinion, 
two observers differing from the other two, both opinions 
were recorded. This consultative reading was repeated 
after two days and, finally, W, X, Y, and Z met once 
more to reconsider those films on which their joint 
opinion on the two previous occasions had differed. 
A final agreed opinion was thus reached on every film. 

Standard Films.—The standard films used were the 
** Victor Medium” films selected in the way that has 
already been described. 


A preliminary analysis of the results of Part I 
showed that the observers had not all increased 
their agreement or consistency by using standard 
films. Nevertheless, their performance was much 
better than that found in the trial reported in our 
previous paper. It was thought that this result 
might be due to the fact that observers were so well 
acquainted with the classification and with the 
standard films that they had a clear picture of them 
in their minds and thus little further advantage 
was to be gained from using the actual films them- 
selves. 

We therefore decided to extend the trial to other 
observers without experience of the use of standards. 
At the same time, we decided to simplify the experi- 
ment, for observers W, X, Y, and Z had found it 
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distracting to have to consider localized shadows, 
lung markings, and emphysema in addition to the 
category of simple pneumoconiosis, and they had 
also found 120 films rather more than could be 
read without fatigue in a single session. This 
extension of the experiment in a simpler form 
constitutes Part II. 


Methods: Part II 


Observers.—These were all on the medical staff of 
the South Wales pneumoconiosis medical panels of the 
Ministry of National Insurance. They had all been 
using the P.R.U. method of classification for some months. 
Since they were accustomed to reading films in pairs, 
it was agreed that each “* observer ”’ should consist of 
a pair of doctors working together. These observers 
are referred to as A, B, C, D, E, and F, or the P.P. 
observers. 


Selection of Films.—On the basis of the final consulta- 
tive reading of observers W, X, Y, and Z, the following 
groups of films were selected from the 120 films in 
Part I: 16 normals (without dust exposure); eight 
** normal miners ”, who were cases that W, X, Y, and Z 
had agreed to have less abnormality than category 1, 
but which they considered showed evidence suggestive of 
dust exposure; 16 cases of simple pneumoconiosis 
category 1; 16cases of simple pneumoconiosis category 
2; 16 cases of simple pneumoconiosis category 3; 
eight cases of simple pneumoconiosis category 4; thus 
making a total of 80 films. 


Reading of Films.—The films were placed in the order 
in which they had appeared in Part I of the experiment 
but they were re-numbered 1-80. Before the reading, 
the observers were given the same written definitions of 
the categories of simple pneumoconiosis that observers 
W, X, Y, and Z had used. Each observer then read 
the film in the light of these written definitions but 
without standard films. Two observers worked simul- 
taneously, the first reading films 1-40 while the second 
read films 41-80. The first then read 41-80 while the 
second read 1-40. They were asked to state only the 
category of simple pneumoconiosis of each film, and 
the results were recorded by one of the authors or an 
assistant. An interval of half an hour followed, and 
the standard films were demonstrated and discussed. 
Finally, the reading of the films was repeated in identical 
order using standard films. On the few occasions when 
the doctors comprising each observer failed to agree, the 
opinion of the senior doctor was accepted. 

It might be thought that the short interval between 
the two readings would have enabled the observers to 
remember their previous opinions, but apparently this 
did not happen. An observer sometimes commented : 
** T remember this film ’’, but invariably added, ‘* I wonder 
what I called it last time ”’. 

Later the readings without and with standards were 
repeated after an interval of four weeks in casesYof 
C, D, and F and eight weeks later for A, B, and E. 
(On the second occasion, the junior doctor of ‘** observer 
A” was absent on leave so the senior doctor read 
alone.) 
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Standard Films.—Since the films were read by two 
observers simultaneously, it was necessary to have two 
identical sets of standard films and it was, therefore, 
impossible to use the same set which had been used by 
observers W, X, Y, and Z, for, of these, a duplicate 
existed only of the standard lower limit category 2. 
The standards used were considered by observers W, 
X, Y, and Z to correspond very closely to the original 
set except that the new films of lower limit 1 showed a 
little less abnormality, and the new films of lower limit 3 
had the lung markings a little less obscured. Observers 
A, B, C, D, E, and F all commented on the extremely 
small evidence of abnormality in the standard lower 
limit category 1 which they used, but they accepted the 
other films without criticism. 

In summary then, the differences between Part I and 
Part II of the experiment were the following. 





STANDARD FILMS IN RADIOLOGICAL DIAGNOSIS OF PNEUMOCONIOSIS 141 


We shall make the same assumption as in our 
previous paper, that the best estimate of the “ true ” 
category of a film may be taken to be the category 
nearest to the mean of the category numbers 
allocated to the film by all the observers. This will 
be called the standard category. Since it may be 
argued that the categories defined in words, and 
those defined by the standards may differ, a separate 
calculation of the standard categories was made 
from the readings with and without standard films. 
In fact, the standard categories with and without 
standard films were the same for all but four films. 

We may now consider the performance of indi- 
vidual observers and groups of observers by relating 
the opinions they gave on a film to its standard 














Part I Part II 
Observers . . W, X, Y, Z members of Pneumoconiosis A, B, C, D, E, F members of pneumo- 
Research Unit. Read as individuals. coniosis panels. Read in pairs. 
(P.R.U. observers.) (P.P. observers.) 
Films Fee ss 120 films including 80 used in Part II 80 films 
Order of Reading. . 1: standards 1: no standards 
2: no standards 2: standards 
3: no standards 3: no standards 
4: standards 4: standards 





Opinions Required 


Category of simple pneumoconiosis. 
Presence and nature of localized shadows. | 


Normal or simple pneumoconiosis cate- 
gories 1, 2, 3, or 4 


Abnormalities of lung markings. 





Standard Films Original ** P.R.U. set ” 


Temporary set 





Results 


Agreement.—One of the most remarkable findings 
in our previous experiment was the wide range of 
opinions given on the same film. In Parts I and II 
of the present experiment there was less disagreement, 
even without the use of standard films. Unfor- 
tunately, the two experiments are not ccimparable 
since both the observers partaking and the films 
used were different, so we cannot say from these 
findings whether the more precise written definitions 
of the categories used in our present experiment 
were responsible for the smaller range of extreme 
opinion. The present results are given in Table 1. 
Even without standards only two films showed a 
range of three categories, and more than half the 
films had a range of one category or less. 

When standard films were used, the number of 
films showing a wide range of classifications was 
further reduced, though one film remained with a 
range of three categories, being classified as follows:— 


Category 1 ‘ 1 opinion 
ea a om 8 opinions 
oe ae .. 10 opinions 


4 to es 1 opinion 


category (using for the four films the standard 
category appropriate to the method of reading that 
was used). Since only five of the 3,200 opinions 
given in the first two parts of the experiment differed 
by more than one category from the standard 
category, we introduce only a small error by regarding 
all such differences as of equal weight and considering 
first of all simply the proportion of opinions which 
disagreed with the standard categories. These are 
given in Table 2. It is seen that the P.R.U. observers 
appear mostly to be assisted by standards in the 
normal films, whereas the pneumoconiosis panel ob- 
servers arenot. Inthe abnormal films the situation is 
reversed, the pneumoconiosis panel observers 
apparently finding the standards a help, the P.R.U. 
observers being for the most part unaffected. We 
shall discuss this finding later. However, we find 
that very few of the differences that appear can be 
assumed to indicate real change of performance, 
and not mere random fluctuations. Only those 


differences given in italics in Table 2 are statistically 
significant at the 5% level. That is, observer X 
improved significantly with standards in the “ normal 
miner” films, observer D in category 1 films, and 
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TABLE 1 ¢ 
RANGE OF OPINIONS BY ALL OBSERVERS ON 80 FILMS COMMON TO BOTH PARTS OF THE EXPERIMENT , 
{ 





Range of Extreme Opinions of 














( 
Nil ao Ckeuin Canoe wesaiinas : 
No. % No. % No. % No. % No. % | 
Without standards | 5 63 41 51-3 32 40-0 2 25 | 80 | 100 ) 
With standards .. 5 6:3 54 67-5 20 25-0 1 13 | 80 100 : 
( 

TABLE 2 


PERCENTAGE OF OPINIONS DIFFERING FROM STANDARD CATEGORY (ANALYSIS BY OBSERVERS AND GROUPS OF FILMS WITH 
SAME STANDARD CATEGORY) 





Groups of Films by Standard Categories 











Normal Simple Pneumoconiosis All 
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AU P.P. ..|/11 18|10 29/43 32/36 29\38 21/19 5/11 211) 38 25/30 24 
Al... .. | 11 12/28 29/42 34/32 29/31 23/40 23/16 17/33 26| 28. 24 
S = with standards. NS =. without standards. Figures in italics show a significant change with use of standards. 
TABLE 3 


OPINION OF OBSERVERS W, X, Y, AND Z ON 32 FILMS OF MEN WITHOUT DUST EXPOSURE 





Number of Opinions of 
Total Number 








Readings Nossal ** Evidence of : | Pneumoconiosis of Opinions 
Dust Exposure’’| Category 1 
Individual without standards .. Ay 178 56 Y 3 256 
Individual with standards ~ ae 189 57 | 10 | 256 
First two consultative with standards 60 a 0 | 64 
Final consultative with standards | 32 | 0 0 32 





* Including one opinion of Category 2 

















observer A in category 3 films, while observer C 
was worse with standards in the “‘ normal miner ” 
films.* 

The results of the final consultative readings by 
observers W, X, Y, and Z using standard films, 
were interesting. The classification they reached 
only differed from the appropriate standard category 
in three films (4%). This provides supporting 
evidence for the view that the standard category, 
as we have defined it, adequately represents the 
classification that a film would get if errors of 
diagnosis were eliminated, that is, the “ true” 
classification. 

In Part I of the experiment there were 32 films 
of men (16 of them clinically quite normal, 16 of 
them asthmatic) who had never been exposed to an 
occupational dust-hazard, and can therefore be 
presumed to be free from pneumoconiosis. The 
accuracy of consultative reading is suggested again 
by the fact that none of these films was ever called 
category | pneumoconiosis in a consultative reading, 
though “* evidence of dust exposure” was reported 
in four of them. Moreover, the final consultative 
reading even rejected these classifications and classed 
all the men as absolutely normal. These results 
and the readings given by observers W, X, Y, 
and Z on the films of non-miners with and without 
standards are given in Table 3. It will be seen that 
the use of a standard category 1 film reduced the 
number of times a wrong diagnosis of pneumoconiosis 
was made by the individual observer, but did not 
affect the frequency with which a mistaken diagnosis 
of “‘ evidence of dust exposure” was made. It may 
also be noted that the “‘ standard ” category of the 
16 of these absolutely normal films which were 
included in Part II of the experiment was also 
always 0, which gives another check on the validity 
of using this averaging method for determining 
the “ true’ category of a film. 

According to Fletcher and others (1949) the 
diagnosis of the earliest stage of coalworkers’ 
pneumoconiosis depends on the detection of charac- 
teristic minute opacities. Similar minute opacities 
are occasionally seen in normal films especially 
when fine vascular markings run at right angles to 
the plane of the film. There is a tendency for 
individual observers to mistake such opacities for 
evidence of coalworkers’ pneumoconiosis. During 
the consultative readings, however, where one 
observer suggested such an abnormality in a normal 
film, one of the others would object, and in the 
course of critical discussion there was finally a 


*Each percentage was. transformed to a variable x where 
x = sin-',/(percentage) and the differences in x were compared 
with the theoretical standard errors calculated from o* = 820-7/n 
where n is the number of films, or from an analysis of variance if 
this gave a significantly larger standard error. 
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rejection of all such spurious diagnoses. That 
experience is important in the use of standard 
films in the avoidance of these mistakes is shown 
by the later experiment with inexperienced readers. 


Indices of Disagreement.—The effect on agreement 
between observers of using standard films may be 
illustrated graphically by using the index Ip.* 

















B 
Y 
Z 
F 0-150 
A 
E 
x 
c 
D 
W 
0°100 
Without With 
Standards Standards 


INDICES OF DISAGREEMENT 


Fic. 1.—Improvement is shown by a lower index. 


In Fig. 1 the indices of disagreement for each 
observer for all films are plotted on vertical scales. 
The effect of using standard films is indicated by 
the lines joining the corresponding indices with and 
without standard films. It will be seen that seven 
observers (A, B, C, D, F, X, and Y) appear to be con- 
siderably improved, one (Z) not influenced and two 





* The index of disagreement, Ip, and the index of inconsistency, Ic, 
are defined by :— 


n 2 
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where x; and yj are the first and second opinions of an observer on 
the i film of a group of n and 2; is the standard category of the film, 
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(E and W) made worse with standards, but a test of 
significance shows that only the changes in A, D, 
and Y can be taken as definitely established. 
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Consistency.—The extent to which observers 
changed their opinion on a film between two readings 
is shown in Table 4. Only six observers changed 


" TABLE 4 


CONSISTENCY OF CLASSIFICATION WITH AND WITHOUT 
STANDARD FILMS 





Percentage of Films in which First and 
Second Opinions Differed by 




















Observer Nil One Two 
Category Categories 
NS S NS Ss NS S 
A “ta oe a 
B 67 60 32 39 1 1 
Cc 81 73 18 27 1 — 
D 66 83 33 17 1 — 
E 55 74 45 26 its i 
F 71 70 28 30 1 — 
W 71 76 29 24 — — 
xX 75 84 25 16 pe ~— 
¥ 69 78 31 22 — — 
Zz 65 68 31 30 4 2 
P.P. 66:2 73:3} 32:5 264 1:3- 03 
P.R.U. 700 76:3} 29-1 23-1 09 06 
All 69:3 74:5} 28-7 25-1 20 04 
CORO a OE a, OE ee as 





NS = without standards. S = with standards 


their opinion on a film by more than one category 
without standards and only two changed their 
opinions by this amount with standards. The 
percentage of films on which the two opinions were 
identical was increased by the use of standards in 
the case of all but three observers (B, C, and F). 
The P.R.U. observers were more consistent than 
the P.P. observers with and without standards. 
The percentage of consistent opinions of the whole 
group of observers changed from 69% to 75% by 
the use of standards, but this apparent improvement 
is not technically significant. The highest level of 
consistency was reached in the two consultative 
readings, but these were closely approached by 
observers X and D, using standards. 

The effect of standards on the index of incon- 
sistency Ic which was defined in our previous paper,* 
is shown in Fig. 2. Observers A, D, and E can 


* See footnote on previous page. 
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be considered as significantly 
X and Y are possibly improved. 


improved, while 
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INDICES OF CONSISTENCY 


Fic. 2.—Improvement is shown by a lower index. 


Skill.—The average of the indices of disagreement 
and inconsistency for each observer with and 
without standards is shown graphically in Fig. 3. 
There is a tendency towards improvement with the 
use of standard films in the case of all observers 
except B and C but this improvement is only 
significantly established’ in the case of observers 
A, D, and Y. 


Readings by Observers with no Previous Know- 
ledge of the Classification—In view of the rather 
inconclusive results which we have described, we 
think it appropriate to refer here to a further smali 
extension of our experiment from which useful 
conclusions may be drawn. 

The International Labour Office conference of 
experts on pneumoconiosis at Sydney adopted in 
February, 1950, a classification of radiographic 
appearances in pneumoconiosis very similar to 
that put forward by Fletcher and others (1949). 
‘Simple pneumoconiosis ” was there described as 
‘** pneumoconiosis with discrete opacities’’, and it 
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was divided into three categories of increasing 
abnormality.* 

One of us (C. M. F.) had the opportunity of 
arranging for two members of this conference to 
try out this classification on the same 80 films that 
were used in Part II of our experiment. Later, 
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Mean of indices of disagreement and inconsistency 


Fic. 3.—Improvement is shown by a lower index. 


two other observers in South Wales, one a chest 
physician and the other a consultant radiologist, 
with experience of pneumoconiosis but with no 
experience in classifying films into categories, were 
asked to do the same. These four “‘ inexperienced ” 
observers (called P, Q, R, and S) read the films 
once according to the above definitions alone, and 
once with the additional help of standard films. 
Both readings took place on the same afternoon. 
The standard films were those used as a routine 
by the Pneumoconiosis Research Unit and now 
(February, 1951) also used by the pneumoconiosis 
medical panels of the Ministry of National 
Insurance. 


* Category 1.—In these radiographs a small number of opacities 
may be seen in at least two anterior rib spaces extending over not 
more than half of the medial two-thirds of the lung field. 


Category 2.—In these radiographs opacities extend over more than 
half of the medial two-thirds of the lung field, but are sparse or absent 
in the lateral third. 


Category 3.—In these radiographs profuse opacities extend over 
the whole of both lung fields including the lateral third although 
they may be sparse or absent above the clavicles. 


c 
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The results of this short test showed first, that 
reading with the written definitions but without 
standards these inexperienced observers all made 
more mistakes than any of the other observers 
except B (Table 5 compare with Table 2), and this 
despite the fact that they had fewer opportunities 
for making mistakes since they were only using 
three categories of abnormality, whereas observers 
A-F and W-Z were using four categories. On 
the other hand, with the help of standard films 
they reached a level of accuracy similar to that of 
the more experienced observers. Secondly, standard 
films affected the accuracy of these observers 
differently in the group of normal films and the 
group of abnormal films. Standard films reduced 
their average percentage of mistakes from 52% to 
23% in the abnormal films but increased their 
mistakes from 26% to 43% in the normal films. 
In this respect they behaved in a similar fashion 
to observers A to F but the contrast between the 
effect of standards in normal and abnormal films 
was even more striking. This trend was most 
marked in the films of ‘normal miners”. Thirdly, 
indices of disagreement both with and without 
the use of standards may be calculated for these 
observers and for observers A, W, X, and Z, who 
took part in the experiment described in our previous 
paper, making the latter comparable by amalgama- 
ting their diagnoses of categories 3 and 4. A very 
rough comparison may be made with a similarly 
modified index of disagreement calculated from the 
“Victor Medium” group of films in our previous 
paper,* excluding for this purpose the normal non- 
miner films from our present experiment. 

This comparison is made in Fig. 4, in which 
dotted lines connect the indices of those observers 
who partook in both experiments. There is no 
evidence that the more accurate verbal definitions 
used in the present experiment resulted in increased 
agreement on classification, the lower indices of 
observers A, E, Z, W, and X (E, F, C, A, and B respec- 
tively in the previous experiment) being possibly 
due to the fact that they were all to some extent 
conversant with the method of classification before 
the experiment took place. The chief benefit of 
standard films is clearly shown in the reduction of 
the gross disagreement of the inexperienced observers 
to levels similar to those of the more experienced. 


Discussion and Conclusions 
As we pointed out in the discussion in our 
previous paper, it is dangerous to argue too closely 
from a particular test on a small number of selected 


* The “ Victor Medium ” group of films was of similar radiographic 
technique, and covered a similar range of abnormality. 
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TABLE 5 
PERCENTAGE OF OPINIONS DIFFERING FROM STANDARD CATEGORIES (ANALYSIS BY OBSERVER AND GROUP OF FILMS WITH pa 
SAME STANDARD. CATEGORIES) a 
Groups of Films by Standard Categories re 
Normal Simple Pneumoconiosis a | ps ss “ 
Observer "Sto : 
a Miners | Category 1 | Category 2 no | Normals | Abnormals | Films . 
NS S NS S§S NS S§S NS S ; NS S&S NS §S NS S | NS S§S a 
P 38 38 33 | GT 94 29 | 81 12 a 8 | 36 45 re | 49 24 
Q 0 6 S 37 S- set 36. 6 42 21 0 9 a ae 38 24 fe 
R 19 38 Lae. 67 41 | 94 0 GT 3 | 8 ® te ae | 59 33 r 
Ss 56 ©6656 33 100 61 47 | 31 a | S 8 | 50 68 . Se a. tl 
All | 28 34 21 67 | 71 44 66 9 32 «18 | 26 8643 | ie | 46 29 i 
NS = without standards S = with standards Cc 
films and observers to the general problem of accu- coniosis on this comparative basis. This possibility , 
rate radiological diagnosis in pneumoconiosis. We requires careful consideration, for several radio- in 
believe nevertheless that certain conclusions may _logists and chest physicians of experience have said c 
reasonably be drawn from our results and further _ that they consider our films of category 1 to be within t 
lines of investigation suggested. f 
We find no evidence that increased 800 ‘T 7 0800 r 
care in the verbal definition of the ' 
radiographic appearances in_ the c 
categories assists observers to agree 0-700 R 4 0-700 t 
in their classification of films. The : 
use of standard films enabled most ‘ 
of the observers to improve their 0-600 aj 0-600 
accuracy of diagnosis, but this in- t 
creased accuracy was not uniform. ‘ 
The most experienced observers (W to Ss 
Z) were only assisted in the classifica- —s om 
tion of normal films. These observers P 
achieved reasonable accuracy in the ome a 
abnormal films without standards and ,, } 7 ‘ 
gained no additional accuracy by the G . Q 4 1 
use of standards. With the less ex- ‘ p ; 
perienced observers and especially with F % © | 
the least experienced observers of all, J , 
the position was reversed. Considerable © 
improvement in accuracy was achieved -¢ °2 J ; 
by the use of standards in the case of 2 : ' 
abnormal films, but these less experi- 
enced readers appeared to be misled by A %!0 4 
the standard film of category 1 into i 
diagnosing abnormality where none 
existed. , 0 es , ss _ 0 
It might be suggested that this result revious Experiment resent Experiment 
was found because the standard film —” Peres. Pi oh : 
category 1 pneumoconiosis was really Excluding normal non-miners 7 
within normal limits. If this were so, and grouping Cats. 3 and 4 7 


normal films might often show a similar 
appearance when compared with the 


standard, and would be diagnosed yg. 4.Comparison of previous experiment and present results. 
as having category 1 simple pneumo- Observers common to both experiments joined by dotted lines. 


INDICES OF DISAGREEMENT 
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normal limits. Our reason for rejecting this 
explanation is chiefly based on the performance of 
observers W to Z, who, both in their individual 
reading and especially in consultation, were appar- 
ently able to see some particular appearance in 
the standard film which was not present in the 
films of non-miners. -Very careful scrutiny was 
necessary to make this distinction which was only 
made with complete accuracy when they discussed 
the films in consultation. 

It appears that considerable experience is necessary 
for the identification of the earliest characteristic 
radiological abnormalities of pneumoconiosis and 
that only observers W, X (observers A and B of 
our first paper), A, D, and F showed themselves 
capable of detecting this appearance with reasonable 
accuracy. The other observers, when using the 
standard appear to have been misled by some 
incidental appearance not characteristic of pneumo- 
coniosis. We are engaged upon a further experiment 
to test this point, using a larger number of normal 
films. Preliminary results suggest that experienced 
readers can consistently distinguish films of miners 
with no more abnormality than the lower limit of 
our category 1 from films of men who have never 
been exposed to dust. Methods of assisting the 
inexperienced to use the standard film of category 1 
effectively are being explored. 

There is probably considerable individual varia- 
tion in ability to use standard films. Certain 
readers may never use them easily. For instance, 
observer W, whose accuracy was the best of the 
whole group of observers when working without 
standards, was a quick competent reader and 
appeared unwilling to change his immediate impres- 
sion of a film when the standard was presented 
to him. He appeared to prefer his own mental 
standard to the objective standard films. 

We have observed the high consistency of a 
consultative reading in which four observers read 
the films using the standards and discussed each 
film until they reached agreement. When this 
consultative reading was repeated on two occasions, 
and the small number of films on which the two 
separate readings were different were further dis- 
cussed until agreement was reached, the final result 
agreed with the average opinion of all the observers 
when they were using standards in all but three of 
the 80 films. Moreover, both the consultative 
opinion and the standard category gave the correct 
diagnosis when films which were known to be 
normal were in question. If it is accepted that the 
average opinion of a set of observers gives the true 
category of a film, consultative readings will also 
tend to give this true category. 

We have at present, therefore, adopted the 
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consultative technique in the routine reading of 
films taken on radiological surveys by the Pneumo- 
coniosis Research Unit. The films are read on 
two occasions by two or three observers using 
standard films, and those films on which the two 
readings are different are subjected to a third 
scrutiny to reach a final opinion. This technique 
is similar to that suggested by Yerushalmy, Harkness, 
Cope, and Kennedy (1950) for the most accurate 
radiographic diagnosis of tuberculosis. 

Certain drawbacks and difficulties in the use of 
standards became apparent in the course of our 
experiment. First, there is considerable variety in 
the type of appearance in radiographs of coal- 
workers’ pneumoconiosis (Fletcher and others, 1949). 
The standards used in Parts I and II of our experi- 
ment were all of the “‘ mixed” type of pneumo- 
coniosis. A number of films in the series were of 
a much finer type (pinhead) than the standards and, 
in such cases, the observers complained of inability 
to use the standard films for comparison. They 
were being asked, they said, to compare dissimilar 
appearances. Some confirmation of this dissatis- 
faction was found by considering those films which 
were predominantly of the pinhead type with those 
films which were predominantly of the mixed or 
nodular type. One of us (C. M. F.) and observer Y 
sorted all the films in category 2, 3, and 4 into those 
predominantly of the pinhead type and those 
predominantly mixed or nodular. It was found 
that in Parts I and II of the experiment, the proportion 
of correct opinions in the pinhead group was 65% 
working without standards, and 66% working with 
standards, whereas in the nodular and mixed group, 
72% of the opinions were correct without standards 
and 79% correct with standards. The lack of 
improvement with standards in the pinhead group 
confirms the observers’ expressed difficulty in 
assessing the pinhead films with standards. For 
this reason we have decided that, at least in the 
case of category 3, it is necessary to have two 
standard films, one of the mixed nodular type and 
the other of the pinhead type, so that like can be 
matched with like. (The set of standards used by 
the ‘“‘ inexperienced’ observers P, Q, R, and S 
included a “* mixed ” and a “ pinhead ” category 3 
film.) 

Secondly, there is the labour involved in reading 
with standards. More than one viewing screen is 
required and for each film read at least one standard 
has to be selected and placed on the screen for 
comparison. This means that reading with standards 
slows the speed at which films can be scrutinized. 
It is, however, possible that by a specially designed 
viewing screen, the use of standards could be 
made less laborious. 
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Even when standard films are used, our results 
suggest that the level of accuracy achieved by the 
observers who took part in our experiments is still 
far from satisfactory. 

Radiographs are generally used as the chief means 
of diagnosis of pneumoconiosis in life for purposes 
of diagnosis and compensation. It has been sug- 
gested that men with less than category 2 simple 
pneumoconiosis are unlikely to be disabled by this 
disease and may be rejected on scrutiny on their 
films if they apply for disablement benefit on account 
of pneumoconiosis. The cases in our experiment 
with films of agreed category 2 might then be 
considered for benefit. Of this group of films, 
20% of the opinions were of category 1 when read 
with standards, so that if observers A to F and 
W to Z were responsible for scrutiny of those cases, 
we could expect 20°, of them to be incorrectly 
deprived of assessment for disability benefit, even 
if standards were used. 

Again, it has been suggested that progressive 
massive fibrosis, which is responsible for the most 
serious disablement in coal miners’ pneumoconiosis, 
seldom arises in cases with less than Category 3 
simple pneumoconiosis. If this were confirmed, and 
men were removed from dust exposure before they 
reached this level, they would then be protected 
from developing the serious disability associated 
with massive fibrosis (Fletcher, 1950). To do this 
it would be necessary to diagnose Category 2 with 
accuracy. We find that, working with standards, 
10% of the opinions given on films of Category 2 
simple pneumoconiosis were of Category 3 and 
19% of the Category 3 films were called Category 
2. Thus our observers would make some 15% 
mistakes in diagnosing cases at this “‘ critical stage ”’. 
On the other hand, observers W, X, Y, and Z 
working together in consultation only mis-diagnosed 
one of the 17 cases of Category 2 and none 
of 16 cases of Category 3. We suggest that for 
important decisions based on radiographical diag- 
nosis of pneumoconiosis the technique of consultative 
readings on at least two separate occasions should 
be used. 

Lastly, we must consider briefly the influence of 
radiographic technique on diagnosis which, in our 
previous paper, we showed was considerable. We 
did not explore this question in our present experi- 
ment but we have considerable further experience 
in our routine work of the serious influence of 
changes in radiographic technique. Two films of 
the same man on the same day, taken with different 
techniques, can lead to opinions differing by one 
category or occasionally by two categories even 
when consultative reading with standards is used. 
We can only emphasize that for accurate radio- 
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graphic diagnosis it is essential that films should 
only be used which are of first-class standardized 
technique, such as that recently recommended by 
the Medical Research Council (1950). 


Summary 


An experiment was designed to test the value of 
“‘ standard films” in the quantitative classification 
of radiographs of simple pneumoconiosis of coal- 
workers, the standard films being examples of the 
limits of the categories and used in side-by-side 
comparison with the films to be classified. 

The experiment fell into two main parts. In the 
first, experienced readers from the Pneumoconiosis 
Research Unit took part ; in the second, members 
of the pneumoconiosis medical panels, and in a 
subsequent extension, observers who had no previous 
experience of the method of classification. 

We have no evidence that increased precision in 
the verbal descriptions of the categories enabled 
the observers to classify the films with any greater 
agreement than had been found in an earlier experi- 
ment with less precise definitions. 

The use of standards enabled some, but not all 
of the observers to achieve a greater accuracy and 
consistency in classification. The least experienced 
observers benefited most, but they tended to make 
false diagnoses of abnormality in normal films 
when working with standards. On the other hand, 
the more experienced readers received greater help 
in the discrimination of normal films from those 
with slight abnormality, than in the classification 
of the more abnormal films. This finding is 
discussed. 

The greatest consistency was achieved by four 
experienced observers reading in consultation with 
standard films and their classification agreed very 
closely with the standard categories derived from 
averaging the opinions of all the observers. 

The chief practical use of standard films appears 
to be to enable wholly inexperienced observers to 
use a radiographic classification with an accuracy 
approaching that of the more experienced observers. 

It is suggested that in routine work films should 
be read by at least two observers on two independent 
occasions, the films on which the two opinions 
differ being given a third and deciding reading. 
Only films of first-class radiographic technique can 
be used for accurate diagnosis. 


We should like to thank all the observers who helped 
us in this experiment and also Dr. C. L. Sutherland, 
Chief Medical Officer of the Pneumoconiosis Medical 
Board of the Ministry of National Insurance, for 
agreeing to the collaboration of observers from the 
pneumoconiosis medical panels. 
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PERITENDINITIS CREPITANS AND SIMPLE 
TENOSYNOVITIS: A CLINICAL STUDY OF 
544 CASES IN INDUSTRY 


BY 
A. R. THOMPSON, L. W. PLEWES, and E. G. SHAW 
From Vauxhall Motors Ltd. and Luton and Dunstable Hospital, Luton, Beds. 


(RECEIVED FOR PUBLICATION MAY 10, 1951) 


This paper deals with simple or traumatic 
tenosynovitis as distinct from pyogenic or granulo- 
matous affections of the tendon sheaths. Literature 
on the subject in this country is scanty, and 
lacking in a clear understanding of the under- 
lying pathology, for although in the pyogenic group 
a true infection of the tendon sheath is present, 
this is not always so in simple tenosynovitis, and 
it is unfortunate that the nomenclature of each 
should remain the same. Although true teno- 
synovitis may occur in other regions, the one most 
commonly affected in simple “ tenosynovitis” is 
the dorsum of the forearm proximal to the wrist 
joint. Standard works on surgery continue to refer 
to it as “* tenosynovitis’, but as the lesion responsible 
is well above the upper limit of the tendon sheaths 
themselves, we would prefer the name “ peritendi- 
nitis crepitans ” as being more truly descriptive. 

Tenosynovitis is a well known cause of industrial 
disability, but, except in the mining community, 
its occupational significance has never been fully 
appreciated. In certain circumstances, its incidence 
may be high as during the war years when many 
people, recruited for work in factories for the first 
time, were engaged in unaccustomed tasks involving 
speed and intensity of effort (Reed and Harcouii, 
1943 ; Blood, 1942). Tenosynvotis, however, is by 
no means confined to factory workers. It has 
been reported among agricultural workers and 
others (Pozner, 1942 ; Flowerdew and Bode, 1942 ; 
Taylor-Jones, 1942). The present study is concerned 
mainly with the condition as it affects the wrist 
and forearm of the manual worker in industry 
(peritendinitis crepitans), but an additional series 
of true tenosynovitis cases involving tendon sheaths 
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in other situations is also considered. If it is not 
diagnosed and treated promptly, tenosynovitis can 
cause much needless absenteeism and continuing 
disability, and at one factory (Vauxhall Motors) 
employing 12,000 persons medical records in the 
past show that about 40 cases occur annually, 
with an average absence of 21 days. 


History of Tenosynovitis 


Tenosynovitis appears to have been first observed 
by Velpeau in 1818 and was later described by him 
in his Anatomie Chirurgicale published in 1825. 
He anticipated plaster immobilization, using a 
starched crinoline bandage, and, in his book 
published in 1841, he quoted Boyer who noted 
that the lesion lay outside the tendon sheath 
itself, and named it cellulite peritendineuse. Troell 
(1918), confirmed these observations and suggested 
the name peritendinitis crepitans”, citing areas 
such as the tendo Achillis and triceps brachii 
where tenosynovitis occurs but in which no tendon 
sheath is present. Obolenskaja and Goljanitzki 
(1927), in a clinical and experimental study, observed 
189 cases at a Moscow factory, and they quote 
Schugajew and Bachrach who noted the incidence 
of tenosynovitis among tea and tobacco packers 
at Jaraslaw where repetition movements using a 
stamping mallet precipitated the condition in the 
radial extensors and abductors of the wrist and 


thumb. Moritsch and Blau (1931) produced local 


inflammatory changes in the tendo Achillis of a 
rabbit which had been exhausted by faradic stimu- 


lation after inoculation with typhoid vaccine and . 


virulent streptococci. This led them to postulate a 
metastatic theory of origin in support of Felsenreich 
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(1928), who noted the incidence of tenosynovitis 
after exertion following an acute or chronic infection. 
Biopsy seems to have been performed first by von 
Frisch (1909) and later by Hauck (1924) who 
explored cases involving the muscles of the thumb 
and found serous oedema with congestion of the 
peri-tendinous areolar tissue but without naked eye 
changes in the tendons themselves. More recently, 
the local pathology and histology have been studied 
in greater detail by Howard (1937) from biopsy 
material obtained from four acute cases involving 
the radial extensors at the wrist. He found both 
tendon and tendon sheath normal to the naked eye, 
but the musculo-tendinous junction showed a clear, 
jelly-like oedema with dark-coloured muscle lacking 
in voluntary contractile power, exhibiting glycogen 
depletion, and retention of lactic acid suggesting 
muscle fatigue and exhaustion. Histological exam- 
ination revealed muscle fibre destruction with 
interstitial haemorrhage and fibrin deposits which 
were thought to be the cause of the crepitus. 
Schugajew and Bachrach found that the incidence 
of tenosynovitis was related to the speed and 
intensity of muscle effort. This was most noticeable 
among fresh workers or veteran employees returning 
to work after a period of absence. Similar findings 
were reported by Conn (1931) in the rubber industry, 
where high speed stereotyped operations involving 
intensity of effort were necessary; the incidence 
was affected by economic factors, rising to 0-99% 
during the period of economic stress in 1930 and 
falling to 0-15% when there was full employment. 
Bunnell (1944) mentions trauma, over-use, and 
unaccustomed work as the chief causes of teno- 
synovitis. He refers to an oedematous inflammatory 
swelling with petechiae of the tendon and its sheath, 
greatest at the musculo-tendinous junction and 
extending up into the muscle itself, which may 
show tears and fibrinous deposits. Sporting activities 
involving the tendons about the wrist are mentioned 
as causes by Handfield-Jones (1946) and Heald (1931), 
the latter pointing out that crepitus is not a constant 
sign and that the maximum area of swelling and 
discomfort is well above the tendon sheath itself 
on the back of the forearm and extending right up 
into the muscle bellies. Zollinger (1927) studied 
figures from 929 cases reported to a Swiss insurance 
company, and stressed the importance of persistent 
strain rather than trauma as a cause. Only 2% 
were due to contusions. Rhodes (1947) was impressed 
with the effect of gripping, jolting, and vibration 
movements as precipitating causes, and both he 
and Zollinger (1927) considered that repeated 
attacks tend towards a tuberculous infection. 
Cohen and Reid (1935) mentioned gout in the 
aetiology, and published a series of seven relapsing 
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or recurrent cases of tenosynovitis in which oxaluria, 
calculus, or gravel was a constant finding. All 
failed to respond to treatment until placed on an 
oxalate-free diet in combination. with pulv. boro- 
citratis magnesii co. in drachm doses twice daily. 
They were inclined to the view expressed by Conn 
(1931) and supported by Hammer (1934), and 
Kulowski (1936), that local anatomical considera- 
tions have an important bearing on aetiology, the 
tendons most frequently affected being those sub- 
jected to excessive strain at the point, where they 
are crossed by supporting ligaments immediately 
adjacent to the wrist joint itself. This theory 
of origin, however, presupposes that the lesion 
is confined within the limits of the tendon 
sheaths themselves, a view with which we do not 
agree. 

Other studies reveal conflicting views on both 
aetiology and treatment. Pozner (1942) reported 
20 cases affecting the radial extensors of the wrist 
among 70 soldiers while harvesting. Treatment 
was by strapping or a cock-up wire splint with 
absolute rest for three weeks. Flowerdew and 
Bode (1942) described 16 cases affecting the extensors 
of the wrist and fingers among 52 office workers 
doing farm work, and stressed the importance of 
early diagnosis and treatment, resolution occurring 
in about 10 days with strapping: and local heat. 
Reed and Harcourt (1943) observed 70 cases which 
accounted for 0-54% of all attendances at an 
industrial clinic. The causes in order of frequency 
were strains (40), contusions (13), and repetitive 
movements (13). Eight of these cases which did 
not respond to treatment were explored by operation 
and in each one some constriction of the tendon 
sheath was found. Treatment was by plaster 
immobilization combined with passive movements 
every other day and short wave diathermy. The 
average disability period in the unexplored cases 
was 15 days, but it was not stated whether the 
patients remained at work or not. Howard (1937 
and 1938) described two series of 32 and 72 cases 
respectively, the majority involving the radial 
extensors of the wrist and abductors of the thumb. 
The main causes were prolonged exertion after 
unaccustomed work, resumption of work following 
absence, and local trauma. He noted the presence 
of muscle fatigue in all cases, and stressed the 
importance of absolute immobilization by an un- 
padded plaster of Paris splint which should also 
include the thumb. In 34 cases thus treated the 
average disability was 11-6 days, but if immobiliza- 
tion was inadequate and reliance placed on local 
heat and physiotherapy, the average disability 
period rose to 45:7 days. It is not clear whether these 
patients remained at work while under observation. 
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Present Investigation 


Five hundred and forty-four patients were studied 
between 1941 and 1950. Their occupations were : 


Manual workers a .. 444 
Agricultural workers .. a 22 
Housewives Ss ‘> - 21 
Services patients Lag as 21 
Children under 10 ne Bt 2 
Others .. aie om 34 


Four hundred and ninety were men, 307 of whom 
were employed in one factory; the remainder, 
from various sources, were seen in the out-patient 
department of the Luton and Dunstable Hospital. 
Those in the factory, most of whom remained at 
work, were observed in more detail than the hospital 
cases. 

The annual incidence for the combined series is 
shown in Fig. 1. The abrupt rise after 1945 
coincides with a rising intake of new employees in 
the factory. 


Site of the Lesion 


The tendons most frequently affected were the 
radial extensors of the wrist (extensor carpi radialis 
longior and brevior) and the abductor pollicis 
longus or extensor pollicis brevis, either alone or 
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in combination. This is the common lesion found 
among factory workers, accounting for 419, or 
77%, of the whole series. In five, the condition 
was bilateral. Although usually referred to as 
tenosynovitis of the wrist, this condition is not 
associated with a lesion in the tendon sheath itself 
but is a true crepitating peritendinitis involving 
structures higher up in the forearm. 

The other cases (125) actually involved tendon 
sheaths and will be considered subsequently. , Details 
of the site of the lesion in both groups are given in 
Table A of the Appendix. 


Aetiology 


Five main factors appear to be concerned in the 
aetiology of both groups. In order of frequency 
these are (1) some occupational change necessitating 
unaccustomed work (144 cases), (2) a return to 
work after absence (114 cases), (3) local “‘ strain” 
either repetitive or a single “ strain’ (79 cases), 
(4) direct local blunt trauma (76 cases), (5) simple 
repetitive stereotyped movement associated with 
intensity of effort and speed (53 cases). 

In four cases only were infective foci, either local 
or remote, considered to be of aetiological impor- 
tance, and we have not been able to confirm that 
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rheumatism, gout or oxaluria are of any importance. 
Urinary examinations (one specimen only) from 
25 resistant or relapsing cases failed to demonstrate 
the presence of oxalate crystals. A combination 
of two or more factors was present in 169 cases 
and the cause was unknown in 78 (for details see 
Appendix, Table B). 

Occupational. change accounted for over a quarter 
of the cases and these fell into four categories. 
In order of frequency these were a change of job 
in an old employee, new employees undertaking 
repetitive work for the first time, ex-Service men 
returning to civilian work in a factory, and sporting 
activities. Resumption of work after absence 
provided 20% of the total, and arose from three 
sources ; (1) holiday absence, (2) sickness absence, 
and (3) compulsory absence from work due to the 
power cut in 1947, The term “strain” signifies 
unusually heavy manual work requiring strength, 
dexterity, and speed. A single, sudden, wrenching 
movement, such as the slipping of a spanner, 
appeared to be responsible in many cases and 
suggested to us the possibility of a muscle tear at 
the junction with the tendon on the back of the 
forearm. Simple repetitive movement such as 
filing, hammering, spanner or assembly work was 
an associated factor in 32% of all cases. 


Peritendinitis Crepitans 


Signs and Symptoms.—The classical signs and 
symptoms of tenosynovitis are too well known to 


Fic. 2.—Cathode-ray oscillograph 
tracings from a case of periten- 
dinitis crepitans from a contact 
area presenting maximum 
crepitus over the back of the 
forearm approximately at the 
musculo-tendinous junction. 
There was well marked crepitus 
on contraction of the radial 
extensors of the wrist and A.P.L. 
and E.P.B. of the thumb. A 
control tracing taken from the 
same position over the back of 
the unaffected forearm is shown 
for comparison. An increase in 
amplitude indicating high 
frequency waves can be observed 
both during contraction and 
relaxation on the affected side 
when compared with the tracing 
from a normal muscle con- 
traction. 
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be repeated;»but in addition to local aching, pain, 
swelling, tenderness, and crepitus aggravated by 
pressure or movement, there may be weakness of 
the muscle-tendon mechanism. Local redness and 
heat without pyrexia were observed in a few cases, 
but we have not been able to confirm the often 
quoted statement that numbness and a burning 
pain due to nerve pressure occur in the finger tips. 
We agree that in early cases symptoms may be 
present without overt signs, but, in our experience, 
when once the latter have developed, they cannot 
be “‘ worked off” as suggested by Bunnell (1944). 
The swelling is fusiform in shape, 4-12 cm. proximal 
to the radial styloid on the back of the forearm 
and well above the upper limit of the tendon sheaths 
at the wrist. This coincides with the musculo- 
tendinous junction where indeed the actual site of 
the lesion appears to be, the tenderness extending 
well up the forearm into the muscle bellies in some 
cases. Crepitus is both palpable and readily 
audible by stethoscope in doubtful cases and may 
extend up the forearm as far as the common extensor 
origin. In character it has been likened to the 
crunching sound of dry snow or to the creaking 
of a wash leather. Reproduced on a sound amplifier, 
the noise resembles the passage of a saw through 
a thin piece of wood, contraction of the muscle 
causing a higher pitched note than relaxation. 
Tracings obtained with a cathode ray oscillograph, 
using a contact area of 3-16 sq. in. with a constant 
skin pressure pick-up, show a greatly increased 


Normal muscle contraction 


Muscle contraction in peritendinitis crepitans 





AaN 
Contraction Relaxation 


Pause 
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amplitude when compared with the normal (Fig. 2). 
Daily observation during recovery revealed that 
the local effusion and tenderness persisted for a 
variable period after crepitus had subsided, although 
the latter did not disappear with the development 
of an effusion. A relapse with recurrence of signs 
and symptoms shortly after terminating treatment 
occurred in 93 cases, while 20 (5%) developed 
second attacks some months or years later, six of 
these being in the same and 14 in different situations. 


Pathology 


Biopsy, in a bloodless field using general anaes- 
thesia, was performed in five cases during the acute 
stage when the typical signs and symptoms were 
well in evidence. The findings were as follows :— 


Case 1.—A man of 38 employed as a press operator. 
The cause was unknown. There was no history of 
trauma and no aetiological factor other than repe- 
titive movement. The abductor pollicis longus, extensor 
pollicis brevis, and radial extensors at the wrist 
were involved. Crepitus was well marked over a 


typical fusiform swelling on the back of the forearm. 


3 in. above the radial styloid. Biopsy was performed 
on the fourth day through an incision 1} in. long over 
the area of maximum swelling and tenderness in the 
region of the musculo-tendinous junction. This revealed 
oedema with excess of clear free fluid in the subcutaneous 
tissues. The deep fascia was thickened, and on incising 
this the subjacent structures bulged through. The 
perimysium and peritenon were seen to be oedematous 
and showed dilated blood vessels, and on incision free, 
serous, straw-coloured fluid collected in the wound. 
The muscle itself was dark and oedematous but no 
tears were seen. The adjacent tendons were normal 
to the naked eye, but as the incision was well above 
the tendon sheaths at the wrist, the latter were not 
examined. Portions of the perimysium, peritenon, and 
muscle at the musculo-tendinous junction corresponding 
to the area of maximum pain and crepitus were sent 
for section. The patient was subsequently treated in 
a dorsal perspex splint for 11 days with complete 
resolution. 

The histological report was as follows :— 

** Microscopically the fragment consists of striped 
muscle and overlying connective tissue. The latter 
appears oedematous and the vessels prominent and 
dilated ; a scanty cellular infiltrate is present consisting 
mainly of histiocytes with a few plasma cells and lympho- 
cytes. The muscle appears normal.” 


Case 2.—The onset followed unaccustomed work in 
a man aged 34 who had recently been transferred to 
work involving hammering up to 800 nails a day. He 
developed tenosynovitis of the radial extensors of his 
right wrist and thumb and showed a well marked, red, 
oedematous swelling in the usual situation on the back 
of the forearm. Crepitus could not be felt but was 
heard by stethoscope. Biopsy was performed on the 
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fourth day through an incision 1} in. long over the 
musculo-tendinous junction. The abductor pollicis longus 
was most severely involved. The subcutaneous tissue was 
normal, but the deep fascia was bluish-grey without 
increased vascularity. On incision of the deep fascia, 
the underlying tissues did-not bulge through but there 
was a small collection of free, clear fluid. There was 
a sticky fibrinous deposit between the muscle of the 
abductor pollicis longus and the deep fascia and between 
the two short muscles of the thumb. The paratenon 
of the underlying radial extensors appeared normal to 
the naked eye, as did the tendon and musculo-tendinous 
junction of the extensor carpi radialis brevior. Speci- 
mens of the musculo-tendinous junction from the 
abductor pollicis longus and of paratenon from the 
radial extensors were taken for examination. The 
patient was subsequently treated in a perspex splint 
for eight days and made an uninterrupted recovery. 

The histological report was as follows :— 

** Microscopically the musculo-tendinous junction 
shows no significant abnormality, and the fragment 
consists of loose connective tissue which is remarkably 
vascularized but otherwise normal.” 


Case 3.—A process foreman 41 years of age developed 
tenosynovitis of the extensor carpi radialis longior and 
brevior and of the abductor pollicis longus. The cause 
was unknown. Biopsy was performed on the fourteenth 
day, the tendon sheaths being normal in appearance. 
Portions of the synovial sheath and tendon showed no 
significant abnormality. 


Case 4.—A machine operator aged 36 doing repetition 
work. The onset was four days after the patient had 
resumed work after an attack of fibrositis. The 
abductor pollicis longus and the extensor pollicis 
brevis were involved together with the radial extensors 
at the wrist, presenting classical signs of five days’ 
duration. Biopsy was performed on the seventh day. 
A 2-in. incision centred over the point of maximum 
tenderness revealed normal skin and subcutaneous tissue. 
The deep fascia was thickened to } in. and was oedema- 
tous, and crepitations could still be felt through it. 
Incision of the deep fascia revealed thickening and 
oedema of the paratenon over the abductor pollicis 
longus. There was a shiny fibrinous exudate between 
the paratenon of the abductor pollicis longus and the 
extensor carpi radialis longtor and brevior. 

Pieces of deep fascia, paratenon, and the musculo- 
tendinous junction of the abductor pollicis longus were 
sent for section. The tendons of the extensor carpi 
radialis longior and brevior appeared normal. The 
pathologist’s report was as follows :— 

** Microscopically the fragments of deep fascia consist 
of loose, rather vascular connective tissue showing no 
significant abnormality, and that of paratenon is com- 
posed of loose connective tissue including a number of 
widely separated bundles of muscle fibres. The section 
of the musculo-tendinous junction consists of muscle 
and tendon, together with the paratenon and shows a 
marked increase in cellularity due to actively proliferating 
fibroblasts.” 
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The local lesion in peritendinitis crepitans is 
certainly not in the tendon sheath or tendon itself, 
but at the musculo-tendinous junction well above 
the upper limit of the tendon sheath at the wrist. 
Fibrinous deposit or extravasation of blood, so 
often quoted as the cause of crepitus, was found 
in two cases, but the underlying mechanism of this 
sign is not clear to us. Muscle fatigue and weakness 
may be present, and is probably caused by pain, 
but we have had no opportunity of exploring a 
case due to “ strain’ or of confirming the existence 
of a muscle tear. 

Treatment 

The different methods of treatment used were 
plaster immobilization, perspex splinting, strapping, 
physiotherapy, and local support with or without 
external applications to the skin. In many instances, 
a combination of these methods was used. Until 
1946, plaster immobilization for three weeks, using 
either a dorsal slab or an unpadded scaphoid type 
of plaster which included the thumb, was the 
usual method of treatment. This was later replaced 
by partial immobilization by strapping carried well 
up the forearm with the wrist in extension in con- 
junction with short-wave therapy, and finally by 
perspex splinting to the wrist and thumb, either 
alone or combined with short-wave therapy. The 
last two methods were evolved as a result of indus- 
trial experience, and yielded better results. With 
the exception of 46 patients (10-9%) who ceased 
work, routine follow-up examinations were carried 
out wherever possible, and in calculating the 
relapse rate and the incidence of second attacks, 
some allowance must be made for the fact that 
139, or 33% were given selected work while under 
treatment. 

By “relapse” is meant a recurrence of signs 
and symptoms occurring shortly after cessation of 
treatment. The “lag period’, or number of days 
elapsing between the onset of symptoms and the 
beginning of treatment, was recorded in an endeavour 
to correlate this factor with prognosis and methods 
of treatment. 

Immobilization in an unpadded plaster of Paris 
splint for three weeks is a common method of 
treatment for tenosynovitis at the wrist. The 
plaster should include the thumb because of the 
frequency with which the abductors and extensors 
to the thumb are involved. When only a dorsal 
slab was applied, we had many failures. For the 
manual worker plaster possesses certain disadvan- 
tages, because the use of the thumb is too restricted, 
the gripping power is limited, and contact with oil, 
water, and wet processes generally is not possible. 
In the factory series, 25-5°% of patients so treated 
had to cease work for an average period of 26-4 days, 
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and of those who were able to remain, 74% required 
some selected occupation for between four and 
five weeks. On an average, immobilization was 
found to be necessary for four weeks because the 
relapse rate on routine removal of the plaster on 
the twenty-first day proved to be disappointingly 
high, and, in the factory series, was 44%. Relapses 
usually occurred between the third and the ninth 
days. Bunnell (1944) warns against prolonged 
immobilization which leads to the formation of 
adhesions. He advises that movements be carried 
out daily through a full range after the first week 
or two in plaster. Reed and Harcourt (1943) 
practised this method in their series, the plaster 
being removed every second day for passive move- 
ments and diathermy. Their average disability 
period was 15 days, although in 14 of their 62 cases 
this continued for an average of 39 days. 

As with other methods of treatment, there was 
no relationship between the lag period before 
beginning treatment and the recovery rate in days, 
which Suggests that delay in obtaining treatment 
does not influence the prognosis adversely. 

The results in a small series of cases (11) treated 
with simple strapping were distinctly better in every 
way, with one relapse and an average recovery 
period of 20 days. Most of these cases, however, 
occurred among the hospital group and had already 
received some preliminary treatment elsewhere so 
that these results must be accepted with reservation. 
Nevertheless, they suggest that incomplete immo- 
bilization is an advantage rather than a disadvantage 
in treatment. A further series of 83 patients treated 
by short wave therapy in combination with strapping 
showed a relapse rate of 13%, but resolution was 
more rapid, averaging 13-4 days. Only one of 
these patients lost time away from work, although 
47% required selected work for an average of 
15 days. 

Perspex splinting, either alone or in conjunction 
with short wave therapy, was employed in 116 cases 
and proved to be the most effective of all methods 
used, yielding a combined relapse rate of 6% 
and an average recovery period of just over 12 days. 
The splint was easily removed, and allowed daily 
examination, active or passive movements, and 
short wave therapy. The necessity for selected 
work was reduced to a minimum because the 
plastic material is light in weight, clean, impervious 
to oil and water, and can be used repeatedly, being 
remoulded to fit each successive patient. The splint 
(see Figs. 3, 4, and 5), which is easily made from 
blank shapes cut from 3 in. thick perspex sheeting, 
is bent under heat using a naked oxy-acetylene 
flame or an electric oven, and is moulded accurately 
to the patient’s forearm, wrist, and thumb with the 





Fic. 3.—Perspex splint with ring extension employed in cases of tenosynovitis 
affecting the extensor tendons of the fingers. 





Fic. 5.—Moulded perspex splint in position over the dorsum of the forearm, wrist, and thumb joints for use in the 
classical form of tenosynovitis (peritendinitis crepitans) affecting the radial extensors of the wrist and abductors 
and extensors of the thumb. 

















latter in the half-abducted position. It is secured 
to the forearm and hand by straps and is perforated 
for lightness and ventilation. 

Twenty of the more severe factory cases were 
treated by perspex splinting and short wave therapy. 
The relapse rate was 11% and the average recovery 
period 14-2 days. Selected work was necessary 
for 15 of the patients. Contrary to the view expressed 
by Howard (1937), we are of opinion that short 
wave or other methods of local heat therapy have 
a definite place in treatment, in particular in the 
more resistant and severe forms of crepitating 
peritendinitis, provided that immobilization is 
employed but is not prolonged and absolute. 

The 64 factory cases treated while at work with 
perspex splinting alone or in combination with early 
full range movements of the wrist and thumb 
every other day, recovered on an average in 10-5 
days with a relapse rate of 6:2%, selected work 
being necessary for 21 (33%). The 31 hospital 
out-patient cases treated by initial immobilization 
in a perspex splint for eight days before beginning 
movement, took 15 days to recover with a relapse 
rate of 3%. This suggests that daily full range 
movements started early are an advantage in 
treatment. 


Simple Tenosynovitis Involving Tendon Sheaths Only 


One hundred and twenty-five patients were 
observed. Among 66 of these cases the extensors of 
the fingers, either singly (commonly the extensor 
indicis proprius), or more than one (extensor com- 
munis digitorum) were involved. The tibialis anticus 
was affected in 21 cases, only two occurring in factory 
workers, and the peroneal tendons in 10, all of which 
were hospital out-patients. Seven out of the 
10 peroneal cases occurred in women. We have 
not encountered this condition among workers on 
pedal-operated machines, neither have we observed 
tenosynovitis in the upper extremity among typists, 
sewing or comptometer machine operators to which 
reference has been made in the literature. No case 
affecting the tendo Achillis was seen. 

Direct local trauma, such as a blow on the back 
of the hand, occurred with equal frequency in both 
the factory and hospital series, and was the usual 
cause where the condition was confined to the 
extensor tendons of the fingers. But this condition 
may arise spontaneously where the work involves 
repetitive stereotyped movement associated with 
speed. No case of secondary tuberculous infection 
occurred, and only two of our series developed 
De Quervaine’s disease as a sequel. We have not 
seen trigger finger or thumb develop as a result of 
tenosynovitis, neither have any of our chronic or 
relapsing cases of true tenosynovitis developed 
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constriction within the tendon sheath necessitating 
exploration as in Reed and Harcourt’s series 


Case 1.—The patient was a man aged 21 employed 
as a polisher. The onset was due to trauma following 
a blow over the back of the hand. He developed teno- 
synovitis of the extensor communis digitorum of the right 
middle finger, with well marked crepitus and swelling the 
day after injury. An incision 1 in. long was made over the 
site of the lesion on the dorsum of the hand on the 
second day. The skin was bruised, and the subcutaneous 
tissue and paratenon were oedematous with increased 
vascularity and an excess of straw-coloured fluid in the 
wound. The underlying tendon was normal in appear- 
ance and no blood was seen either in the tendon sheath 
or in the region of the paratenon. There was bruising 
of subcutaneous tissue over the interossei and of the 
interossei themselves. Portions of the paratenon and 
tissue adjacent to the interosseus muscle were sent for 
section, and the patient was treated by perspex splinting 
for 10 days and recovered uneventfully. 

The histological report was as follows :— 

‘** The fragment of paratenon consists of vascularized 
and congested loose connective tissue. Scattered through- 
out are numerous large swollen histiocytes together 
with a few plasma ceils and lymphocytes which are 
most marked in relation to the vessels. The fragment 
of tissue adjacent to the interosseus muscle consists of 
vascularized and congested loose connective tissue with 
a similar but less marked infiltrate to the above.” 


The methods of treatment employed were similar 
to those described for peritendinitis crepitans and 
the results are summarized in Table C. 

These results suggest that in the treatment of 
true tenosynovitis, as in peritendinitis crepitans, 
rigid fixation in plaster or inadequate immobilization 
with strapping are attended with a high relapse 
rate and delayed resolution. The employment of 
short wave therapy, however, in combination with 
strapping or perspex splinting considerably reduced 
the period of disability and the relapse rate. Of 
44 cases thus treated, only one lost time from work, 
although selected work was necessary for 15 of 
them. 

Where the lesion affected the digital extensors 
over the dorsum of the hand or finger, immobiliza- 
tion only as far as the proximal inter-phalangeal 
joint was all that was necessary, and for this purpose 
the ring type of splint illustrated was employed, 
the patient being frequently able to continue his 
normal work. 

Summary 

A clinical analysis of 544 cases of simple or 
traumatic tenosynovitis has been made with particu- 
lar reference to occupational factors and to treat- 


ment. Of these 77% involved the radial extensors 
and abductors of the wrist and thumb. There 
were five main factors in the aetiology: occu- 
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pational change necessitating unaccustomed move- 
ment (27%); resumption of work, after absence 
(21%) ; repetitive stereotyped movement (165%) ; 
direct local trauma (14%); and local “ strain ” 
(14% 

The literature on tenosynovitis has been reviewed, 
and the pathology discussed. In five patients a 
biopsy was performed. . 

The term “ tenosynovitis’ applied to the usual 
crepitating condition found proximal to the wrist 
joint is a misnomer. The actual site of the lesion 
is well above the upper limit of the tendon sheaths 
at the wrist which are unaffected, the local pathology 
suggesting that it is essentially a peri-myotendinitis 
involving the musculo-tendinous junction higher up 
in the forearm. It is suggested that “* peritendinitis 
crepitans ” or “ peri-myotendinitis crepitans”’ is a 
more accurate description for this condition and 
should replace the name tenosynovitis. In other 
situations, however, true tenosynovitis may be 
precipitated by local trauma or other agencies, the 
lesion in this event being dependent upon the presence 
of a tendon sheath in situ. 

The pathology, which is obscure, is not related 
to local anatomical peculiarities and appears to be 
an inflammatory response to strain in particular 
groups of muscles, tending to occur in certain 
susceptible individuals. The prognosis is good, and 
during treatment cessation from work is neither 
desirable nor necessary. Rigid immobilization in 


plaster of Paris is contraindicated, and is associated 
with a high relapse rate. Where the lesion is situated 
proximal to the wrist, as in peritendinitis crepitans, 
treatment by immobilization should always include 
the thumb because of the frequency with which 
the latter is involved. This is best effected by 
means of a detachable perspex splint which permits 


very slight movement within the splint and will 
allow early passive movements to be given every 
other day. Short wave therapy is also valuable in 
the treatment of certain resistant cases and can 
conveniently be given when a detachable splint is in 
use. The splint may be gradually discarded over 
several days, the patient can frequently continue 
at his normal work, and relapses are infrequent. 
Under such a régime, subsidence of signs and 
symptoms may be expected by the eighth or ninth 
day of treatment irrespective of delay in beginning 
treatment. 


We are indebted to Dr. Bradley Watson, pathologist 
to the Luton and Dunstable Hospital, for the histological 
reports on sections, and to Dr. P. M. Bennett, Medical 
Officer to Vauxhall Motors Ltd., for his advice and 
assistance. Our thanks are also due to Mr. F. Trussell, 
foreman of the Vauxhall Rehabilitation Workshop, and 
his staff for the development and manufacture of the 
perspex splint. 
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APPENDIX 


TABLE A 
SITE OF THE LESION 





Type of Tenosynovitis 


Vauxhall 
Motors 


Luton and 
Dunstable 
Hospital 





Peritendinitis Crepitans 
Radial extensors of the wrist (extensor carpi radialis longior and brevior) 
Abductors and extensors of the thumb (abductor pollicis longus and 
extensor pollicis brevis) . 
Radial extensors of the wrist and abductor pollicis longus and extensor 
pollicis brevis : 
Radial extensors of the wrist and abductor pollicis longus 
Bilateral radial extensors of the wrist and thumb . 


55 
94 
53 


38 
4 


88 
31 
35 





True Tenosynovitis 
Extensors of the fingers a a 
Tibialis anticus 
Flexors of the wrist 
Flexors of the a= a 
Extensors of the toes . 

Peroneal tendons ‘ 

Extensors and flexors of the wrist 
Ulnar extensors of the wrist . 
Extensors of the wrist and fingers 
Flexors of toes. 

Extensors of fingers and thumb 
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TABLE B 
AETIOLOGY 





Aetiology 


Vauxhall 
Motors 


Luton and 
Dunstable 
Hospital 





Main Causes ete 
Change of job : 
Unaccustomed ) Newemployee.... 
work Return to civilian work 
Sporting activities . . 
Resumption of toe leave 


work after 
absence 
** Strain ”’ (local) ts 
Trauma (direct local) . 
Repetitive movement 
Cause unknown 


Sick leave .. 
Factory closure (power cut) 


16 
26 

s 

2 

3 
13 
40 
35 
23 
76 








Two or More Factors 
Trauma and repetitive movement 
‘“* Strain ” and repetitive movement. . 
Change of job and repetitive movement 
Absence and repetitive movement . 
Absence, infection, and —— movement 
Absence and “ strain ’ : 
Absence and trauma (local) . 
Absence and change of job .. Me 
Infection and repetitive movement . . 
Rheumatic or “* gouty ” (doubtful) 
Change of job and infection . . 
Trauma and infection. . 
Trauma and change of job 
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TABLE C } 
SUMMARY OF METHODS OF TREATMENT OF PERITENDINITIS 
| Wrist Only ‘ 
No. of Cases Relapses Recovery Rate Combined Series 
: P (in days) 
Individual Series Luton Total | Luton Luton Al 
Vauxhall fwd Vauxhall | _ Vauxhall = Relapse Bg 
Motors stable Motors | stable Motors stable Rate (in days) 
Hospital | Hospital Hospital 
Plaster .. 7 er | 51 126 177 |22(44%) | 43 (34%) 29 26 ° 36:7% 27 
Plaster and_ strapping | 
with P.T. (P.W.B., | 
ILR.R. or S./W.) .. | 10* ee 10 8 (80%) | — 28 — 80%* 28 
S./W. and nets Pe eee 4 83 + in 6%)| 1(25%) 13-1 20 13% 13-4 
Strapping , ee Ry 7 | = 23 176 | 9% | 2 
Perspex .. i 31 95 4G Pay A 1(3%) 10-5 15 5:2% 12 
Perspex and S./W |W 20 1 21 2 (119) — 14-2 — 11% 13-9 | 
S./W. and crepe bandage | gre 9 1(11%) — 12:3 — 11% 12-3 acr 
Strapping and Px. and but 
S./W. pa 3 3 6 ? ? 19 18 —_ 18-5 
.. 5e. clcgio aki 3 7 2 ? 19-5 17 pant 18-4 the 
| acl 
Totals ..  .. | 244 | 175 | 419 paar) eens eects Benes ee | on by 
| Tendon Sheaths Only aoa 
Plaster .. a ok ae | 33 50 7 (41%) ie (344%)| 243 | 25-7 36% 25:2 viz 
Perspex .. 7 a 3 17 1(7%) 10 | 17 11:7% 11-2 
S./W. or P.W.B. and | | de 
strapping .. a 20 3 23 — |2 | 108 {| 32:7 9% 13-7 ini 
Strapping ‘ by ie 15 — | 7(50%) 10 | 31:3 47°; 29°8 mi 
S./W. and crepe oa 5 mf ee | I 7-2 | 21 28- 6% 11-1 be 
S./W. and — =a 3 2. oe — | — 27 | 8 —_ 11-5 
Others .. ce ee ee Oe ee eae 2 | 20 — | 2 qu 
| pe 
Tots .. ..|. 63 | 62 | 125 ee ee eee a | fai 
* High relapse rate; recovery prolonged; indicates failure of plaster immobilization. ** Mild early cases only ex 
P.T. = physiotherapy. P.W.B. = paraffin wax baths. I.R.R. = infra red rays. _S./W. = ultra short wave therapy. Strap. = elastoplast pl. 
Strapping. Px. perspex splinting 
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In Great Britain (excluding Northern Ireland) the 
acreage under flax had declined to 3 acres in 1931, 
but it had risen to 4,500 acres by 1939. During 
the war wuen supplies were cut off from Europe the 
acreage of home-grown flax rapidly expanded, and 
by 1944 was 74,000 acres. This was required to 
meet the urgent need for such materials as parachute 
harness, ships’ canvas, and hose pipes. As this was 
virtually a new industry, factories had to be created to 
deal with the home-grown crop. There were many 
initial troubles as there were few people in Britain with 
much experience of flax ‘processing, and the crops, 
being new to farmers, were at first of very variable 
quality. The Select Committee on National Ex- 
penditure (1943) took evidence on the design of the 
factories and plant and on the efficiency of the dust 
extraction arrangements, and received many com- 
plaints which appeared to be justified. An ad hoc 
Committee on Dust Conditions in Flax Factories 
under the chairmanship of Major G. O. Searle, 
O.3.E., Superintendent of H.M. Norfolk Flax Estab- 
lishment, was set up in 1943 to consider the existing 
system of dust extraction in the 17 flax factories 
and to indicate the modifications and improvements 
necessary in order that the standards of the 
Factories Acts might be met. 

For this Committee we undertook the series of 
investigations of air-borne dust conditions in flax 
scutching factories which, we believe, are the first 
to be recorded. 


The Flax Dust Health Hazard 


Flax was cultivated some 6,000 years ago in 
ancient Egypt, where cloth made from it was used 
for wrapping mummies, and it is mentioned in the 
description in Exodus of the plagues of Egypt. The 
first mention of a health hazard appears to be by 
Ramazzini (1705) who, from personal observation 
in the textile trades, records that out of hemp and 
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‘ 


flax there flies ‘‘a foul mischievous powder, that, 
entering the lungs by the mouth and throat, causes 
continual coughs, and gradually makes way for 
asthma ”’. 

The dust problems associated with the conversion 
of flax into linen probably only became acute 
during the industrial revolution, and a number of 
authors write about the primitive conditions in the 
industry during that period. Thackrah (1832) 
gives a particularly full account of such conditions 
in flax factories in the Leeds area, in which many 
young women and children of 7 to 15 years of age 
were employed for a 13-hour day in a very dusty 
and humid environment. Their inevitable ill health 
took the form of indigestion and gastritis, morning 
vomiting, chronic bronchitis and harsh coughing, 
emphysema, premature ageing and death, and a 
hastening of any consumptive tendencies. Very 
few employees survived 30 years’ work in the 
hackling, and_ similarly dusty, preparatory 
processes. 

Greenhow (1860) records how he found 23 out of 
27 hacklers at a Paieley Bridge flax mill habitually 
asthmatical, the older men (rarely over 60) being 
short-breathed and round-shouldered, with emac- 
iated frames, prominent eyes, and a _ laborious 
wheezing respiration. He comments on the irri- 
tation produced in the nasal and bronchial passages 
of workers by the flax dust which causes sneezing 
and a sense of oppression in the chest, especially on 
first entering the mills, and subsequently at the 
beginning of the week. In time the operatives 
become more or less inured to these effects, but as 
life advances their resistance diminishes and they 
suffer from dyspnoea, chronic bronchitis, and 
sometimes from emphysema. Similar views were 
held by Purdon (1873), who had extensive medical 
experience of conditions in flax spinning mills in the 
Belfast area. 
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Arlidge (1892) considered that flax dust was more 
pernicious to the respiratory organs than any other 
textile dusts except jute and hemp, and that the 
early or preparatory processes in the scutch-mills and 
spinning mills were easily the worst for producing 
dust. Attempts to suppress the dust, which is 
described as “‘ a very fine, soft and palpable powder, 
far more granular than fibrous in constitution and 
containing 13% of silica”, were by humidification 
and better ventilation of the shops, machine 
enclosure and the use of some localized exhaust. 
The inhalation of flax dust in the first few days of 
employment in hot, humid and dusty flax spinning 
rooms caused severe “‘ mill fever’, ushered in by 
chills, nausea and vomiting, quickly followed by 
headache, thirst and heat of the skin. After two to 
eight days the fever disappeared leaving the workers 
weak and languid. Prolonged inhalation of flax 
dust led to bouts of coughing and to dyspnoea 
which, in advanced cases, were distressing and 
paroxysmal in character, sometimes ending with 
vomiting or expectoration of blood. He concludes : 

“Chronicity is the characteristic of the chest 
disease, which sooner or later declares itself in the 
haggard wasted features, in general emaciation, in 


the rounded shoulders, and in the tottering gait of 
its victims.”” 





Osborn (1894) reports the experiences of 14 
medical observers, five of whom exonerated flax 
dust of the then current charge that it predisposed 
to phthisis. He agrees with them and with Green- 
how that bronchial catarrh, accompanied by 
asthma, is frequently caused by breathing the dusty 
atmosphere of flax mills, and that the flax hacklers 
die young and suffer from chronic disease of the 
lungs. 

Glibert (1902), a Belgian Medical Inspector of 
Factories examined 12,275 workers in the Belgian 
flax spinning industry but only in processes sub- 
sequent to scutching,* mainly hackling, carding, 
spreading and drawing on fly or roving frames, 
spinning, winding, drying and packing, the first two 
being the dustiest and worst operations from the 
health point of view. Glibert considered that the 
abundance of air-borne mineral dust which he 
observed in the spinning mill atmosphere was because 
the stem of the flax plant was rich in silica, and 
that the injuriousness of flax dust was due to this. 
He added that flax dust, when inhaled, caused 
irritation of the upper respiratory passages leading 
to inflammatory lesions, bronchitis, asthma -and 
pneumonia, and that it acted through its physical 
and chemical properties and its ability to carry 
pathogenic micro-organisms. 


* Technical terms involved in processing flax are briefly explained 
in the next section of the paper. 
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Collis (1915), from personal enquiry, was con- 
vinced that asthma was still prevalent amongst 
Operatives in the early stages of flax processing 
though declining in severity with improvements in 
methods of dust removal. 

Bargeron (1930), of the French Factory Inspec- 
torate, refers to the abundant and harmful dust 
created by the operations of breaking and scutching 
flax, to the enormous numbers of spores generated 
in the material at this stage of its processing, and 
to the need for capturing the dust locally at the 
point of origin, preferably by downward exhaust 
ventilation. Carding and hackling are again men- 
tioned as exceptionally dusty and unhealthy 
processes, and Verhaegue of Lille is quoted as 
having examined 41 hand hacklers of whom 28 
were victims of chronic affections of the respiratory 
tract, especially coughing. Mill fever lasting three 
or four days is stated to be common amongst linen 
workers on first employment, and Bargeron is 
inclined to attribute the fever to a mould. The 
inhalation of flax dust, in his experience, also led 
to asthmatic attacks, accompanied by spasms of the 
bronchial muscles and swelling of the mucous 
membrane. . 

Thiry (1941) recognized the important part 
played by the presence in the air of flax spinning 
mills of large numbers of spores, moulds, and 
staphylococci and considered that these agencies, 
much more than the dust itself, were the cause of ill 
health in flax workers. Among workers with at 
least 10 years’ exposure, Thiry noted a high incidence 
of chest disease, but no case of pure silicosis, despite 
the reputed presence of silica in flax dust. He 
examined 123 such flax workers in modern, spacious 
and well ventilated Belgian factories and found 
that 41% had evidence of chest disease, as against 
88% in a similar survey of Belgian cotton workers, 
a difference in favour of flax which is recognized by 
the Ghent workers who say /e lin digére mieux. 


The Modern Flax Scutching Process 


There are fascinating descriptions of the structure, 
cultivation, harvesting, grading, and factory proces- 
sing of flax and of the engineering equipment of 
flax scutching mills in papers by Turner (1949), 
Barltrop (1942), Oldham (1948), and Grainger 
(1949) ; and the Ministry of Supply has published 
a glossary of technical terms (1944). 


A brief description of the flax scutching processes 
is given in the Report of the Select Committee 
(1943), as follows :— 


** First, the crop has to be pulled, not cut, and then 
de-seeded. Until recent years the next step was 
invariably ‘ retting’, which consists of steeping the 
straw in water in order to rot or ret the woody matter 











AF Hf e 


se 





agst 
sing 
s in 


DeC- 
lust 
ling 
ited 
and 

the 
1ust 
ien- 
Ithy 


28 
‘ory 
iree 
nen 
e 
The 

led 
the 
ous 


dart 
ing 
and 
‘ies, 
f ill 
. at 
nce 
Dite 


ous 
und 
inst 
ers, 
by 











so that it may more readily be separated from the 


fibre. This may be done in one of three ways: dew- 
retting, which is merely to lay the straw out in the 
fields and thus expose it to the action of dew or rain ; 
dam retting, which entails soaking it for some days in 
the water of a stream, pond or lake ; and tank retting 
(which may be aerobic or anaerobic) whereby the 
straw is soaked in a tank of warm water. The next 
stage (after drying the straw by stacking in the fields, 
or artificially) is the actual separation of the wood 
from the fibre, which today is done ina machine called a 
turbine scutcher. This machine performs two operations, 
the first being to break the woody constituents of the 
straw into short pieces by passing the straw between 
fluted rollers under pressure; the second being to 
dislodge this wood or ‘ shive’ from the fibre by the 
flaying action of rotating beater blades. The resulting 
product is ‘ scutched flax’ or ‘ long fibre’ but a by- 
product is ‘ scutching rug ’, which consists of the short, 
partly scutched straw thrown out with the shive 
during the processing. This scutching rug can be re- 
scutched to produce ‘tow’. The scutched flax and 
tow then go to the spinners to be spun into yarn. 
There is, however, a new processing method now in 
use by which the retting is dispensed with and the 
straw is fed direct from the de-seeding apparatus to 
the scutching machines. This is known as ‘ green 
scutching ’ and produces ‘ green’ or ‘ natural’ fibre 
and tow. The weight of scutched flax produced, 
either retted or un-retted, as a -result of all these 
processes is only a small percentage (some 8 to 10% 
of the dry straw with bolls) of the original crop weight.” 


For reasons connected with training operatives, 
retting effluent and drying problems, and the need to 
conserve flax seed, green scutching had to be adopted 
during the war. It was discontinued in favour 
of the scutching of retted straw as soon as it 
was possible to do so, as retted fibre is superior 
in quality to green. 

Of the 17 war time flax scutching factories not all 
were of the standard design built specially for the 
purpose and illustrated in Fig. 1. In the standard 
factories, of which Devizes (Wiltshire), Fordham 
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(Cambridgeshire), Howden (Yorkshire), and Pluck- 
ley (Kent) were typical and chosen for our dust 
measurements, the dust extraction systems were all 
of, much the same type, and each consisted of three 
sections discharging to bag filters outside the 
scutching room. One section, connected to the 
de-seeding machines, extracted dust upwards from 
hoods over the machines by means of a centrifugal 
fan. The second was over the turbine scutchers, 
drawing dust upwards by means of an axial flow fan. 
The third section was the shive extraction exhaust 
system from the bottom of the low speed shakers 
and tow rollers, the dust being extracted through a 
cyclone into the bag filters. 

Except at Pluckley, where heating was by unit 
heaters, a plenum system supplied fresh air from 
outside. 

At Blairgowrie (Perthshire), one of the older 
non-standard factories where we made dust measure- 
ments, the whole scutching room had been changed 
over to a downwards extraction system of ventilation 
by removing the turbine hoods completely. The 
conveyors carrying rug tow away from the turbine 
and also the low speed shakers were encased and 
put under slight suction ; and the shive extraction 
exhaust served for dust extraction as well. There 
was no plenum ventilation system. 

The arrangement of the scutching room ven- 
tilation at West Newton, also one of the older 
non-standard factories, is referred to later in the 


paper. 





Sources and Effects of Dust in Flax 
Scutching Factories 


In flax factories there are four main sources of 


dust ; the de-seeding process, the scutching process, 
the tow machinery, and the general handling of 




















C PLENUM _DUCTING 
OUST EATRACTION —_. 
oucring -- OS \ 
J | ) DE-SEEOING MACHINE 
po NQOPENING TAgLe —" 
a { —s 





oaonea 
i 
FE 


miDwaY BETWEEN 
ADJACENT MACHINES 
HEAD MACHINE 













PLENUM/OUCTING 














OUST EXTRACTION 
—O- OUCTING 





FIBRE 













[rureive 


E A| TURBINE 
SCUTCHER SCUTCHER 





SEED CLEANING ROOM. a 














a 









































WU dddddddddddddddddde 


Fic. 1.—Plan of standard flax scutching factory. 
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the straw. In the majority of factories the first 
two processes are carried out in the same room—the 
scutching room—where also the maximum handling 
of the straw takes place and the greatest numberof 
operatives is employed. The amount of dust seen 
at preliminary visits to a number of typical flax 
scutching factories varied considerably. Much 
depended on the type of flax being scutched, and in 
the early stages of the scheme the flax crops were of 
very variable quality and dust content. The old 
straw remaining from a previous season’s crop was 
particularly dusty. Some factories were using 
green flax, others aerobically or anaerobically 
retted flax. From some of the scutching turbine 
machines dust leaked into the workrooms. Some 
factories had to operate the night shifts under 
complete black-out conditions with all the attendant 
ventilation difficulties, which were aggravated in a 
few of the non-standard factories by the low roofs 
of the scutching rooms. Finally, a high general 
standard of cleanliness in the workrooms was not 
maintained owing to shortages of staff and 
materials. 

Although the workers in the scutching rooms 
were in good general health some were affected by 
the dust. 

The workers found the dust from retted flax 
much more irritating than that from green flax, and 
considered aerobically retted flax worst of all. 
Both types, but especially the latter, caused workers 
to complain of headaches, of a temporary feeling of 
suffocation and sickness, and of severe pain and 
soreness in the throat and upper part of the chest 
which persisted over a period of one or two days 
and caused bouts of coughing. Such troubles were 
most marked at the beginning of the scutching 
season and on resuming work after the week-end 
breaks. No worker had to be permanently removed 
from the scutching rooms for health reasons, and 
sickness absence was low compared with that 
in Royal Ordnance factories. Some workers 
appeared more sensitive to flax dust than others. 
The factory medical officers reported complaints of 
headaches and nose bleeding which were considered 
to be due to irritation and swelling of the mucous 
membranes of the upper respiratory passages ; of a 
feeling of constriction and tightness in the throat 
and chest; and of a rash on the forearms. 

The bacterial and fungal contents of scutching 
room dust were investigated for the Committee by 
other workers and will not be discussed here. Further 
information on the bacteria active in flax retting in 
England and on the relationship of fibre quality to 
bacterial flora in flax retting will be found in 
papers by Allen (1946) and Lanigan (1950) 
respectively. 
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Measurements of Dust 


To improve dust conditions, and, if possible, to fix 
desirable levels of air-borne dust concentrations, 
it was first necessary to obtain data on air-borne 
dust in as many scutching factories as possible 
under different conditions. 

Six standard sampling positions, all at breathing 
level, were chosen for tests in scutching rooms at 
points where employees worked or where the 
maximum amount of dust was likely to be liberated. 
They were (Fig. 1) :-— 


Position 1, at the end of the turbine scutcher feed 
table farthest from the machine, facing the centre of 
the table at a point where the flax beets (bundles) 
were being opened up by hand; position 2, mid- 
way along the feed table, facing workers ; position 
3, at the intake to the scutching machine, facing 
the centre of the table; position 4, between the 
turbine casings of adjacent scutching machines, 
facing the fibre dressing end, to assess the general 
atmosphere of the scutching room; position 5, 
near the centre of the turbine scutcher, at the 
change-over point between the hoods, facing the 
feed table end ; and position 6, at the fibre dressing 
end of the machine, facing workers. 

Gravimetric dust estimations were mostly made 
at all six sampling points simultaneously and dust 
counts, when taken, were made concurrently at 
positions | and 4. 


Dust Sampling Methods 


Long period dust sampling methods were chosen 
to determine average dust concentrations over a 
representative period during a shift after the scutching 
machines had been working for at least 30 minutes 
to an hour and steady running conditions had been 
reached. 

Visually, air-borne dust conditions did not appear 
to vary much throughout a shift. This was con- 
firmed by the repeated series of dust estimations 
made during a shift at the Fordham factory, which, 
as will be seen from Table 4, showed excellent 
agreement. In consequence only one dust esti- 
mation was made at each sampling position during 
a shift, and an hour’s sampling was found sufficient 
to give an amount of dust which was measureable 
with reasonable accuracy. 

For the earlier surveys we ran simultaneously a 
thermal precipitator and a gravimetric sampler. 
The unincinerated thermal precipitator deposits 
were counted and sized under light field conditions 
using a 2 mm. oil immersion apochromatic objective, 
N.A.1-34, a condenser of similar N.A., and a x20 
compensating eyepiece, resolution being obtained 
down to approximately 0-2u. 
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The particle-number and gravimetric concen- 
trations of typical flax scutching dust clouds were 
found to be roughly correlated (correlation coef- 
ficient = + 0-63). The gravimetric method of 
sampling was chosen for the later surveys. Sintered 
glass filters were used and since, as far as we are 
aware, this method for air-borne dust sampling has 
not previously been described, a few details of the 
apparatus and measurements of its efficiency 
against finely particulate dust clouds are given in 
the Appendix. 

The advantages of filtration apparatus embodying 
sintered glass filtering discs when used for straight- 
forward filtration of laboratory precipitates have 
been dealt with by Peel (1947), whose paper also 
gives useful technical information concerning the 
different porosities available and methods of 
cleaning filters for re-use. Our own experience, 
subsequently extended by the use of these filters in 
cotton cardrooms, indicates that for gravimetric 
sampling of air-borne industrial dusts they are most 
satisfactory. The gravimetric results are given to 
the nearest milligram per cubic metre. Weighings 
were made to the nearest 0-1 mg., which was the 
limit of sensitivity of the balance. Preliminary 
replicate weighings of control filters had shown good 
agreement within this sensitivity. 


First Series of Dust Measurements 


Devizes and Blairgowrie Flax Factories.—This 
series of measurements was made to assess, under 


comparable conditions, the relative effectiveness of ° 


the up-draught (Devizes) and down-draught (Blair- 
gowrie) systems of dust extraction on the scutching 
machines, the effectiveness of the overhead fabric 
duct-plenum system of ventilation at Devizes, and 
to obtain preliminary information as to the amount 
of air-borne dust which was present and could be 
tolerated in the factories. 

Tests at both factories were carried out under 
black-out conditions (to obtain the worst conditions 
possible) using material from the same batch of 
dusty, tank-retted straw. As this straw contained 
no seeds the de-seeding machines were not in use at 
either factory during the tests. 

At Devizes, a standard factory which had a 
specially good record for cleanliness, tests were 
made separately along one side of the centre of 
three scutching machines over periods of about 
three-quarters of an hgur, first with and then 
without the plenum system in operation, after the 
scutchers had run for about two hours. With the 
plenum system in action the general condition of 
the atmosphere seemed tolerable except at the 
feeding tables. Without it, conditions deteriorated 
rapidly. 
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At Blairgowrie, a non-standard factory, the plant 
arrangement was somewhat similar to that at 


Devizes. Tests were made for an hour after the 
scutching machines had been running normally for 
about three hours. Before this the factory had not 
been in normal production and the scutching 
machinery and plant had received a _ seasonal 
cleaning. The factory was thus probably much 
cleaner than it would be after a period of normal 
running. Also there was at this factory a strong 
draught of fresh air passing through the scutching 
room from flax-beet conveyor-belt openings at the 
feed end of the room. On the other hand, the 
general ventilation extraction fan in the roof of the 
scutching room was not running during the tests. 
The general condition of the atmosphere appeared 
visually to be very satisfactory. Compared with 
Devizes very little dust seemed to originate at the 
feed tables where the flax beets were opened up, 
the straw appearing to be much less dusty than that 
used at Devizes. The results of the tests are 
recorded in Tables 1 and 2. 


West Newton and Fordham Flax Factories.—It was 
decided to extend this series of measurements to 
two further factories, West Newton and Fordham, 
where somewhat different conditions obtained. 
West Newton was a non-standard factory, where 
the scutching room was rather crowded and con- 
tained five machines fitted with upward dust 
extraction and working on both retted and green 
straw. The de-seeding machines were in a separate 
room. The scutching room, 70 ft. wide, was only 
about 10 ft. wider than that at Devizes, which like 
all the standard factories had only three machines, 
and its height was only 10 ft., as compared with 
15 ft. at Devizes, while the roof had a lower pitch. 
A plenum system was installed giving, normally, a 
larger number of air changes as compared with 
systems installed at standard factories so that, on 
balance, ventilation conditions per machine were 
designed to be much the same in the two types of 
factory. 

The factory had been running normal shifts 
before the tests were made but some special cleaning 
up of the scutching room had been done. The 
day-time tests were made with four of the five 
scutching machines in operation using retted straw, 
dust samples being taken at standard positions 
along one side of one of the inner machines over a 
period of an hour after the machines had been 
running continuously for about an hour. The 
machine not working was on the outside and the 
plenum system was operating at half capacity. The 
humidity was high and a strong wind produced a 
noticeable current of fresh air from the flax beet 
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TABLE 1 


GRAVIMETRIC AND DUST COUNT ESTIMATIONS AT DEVIZES FLAX FACTORY UNDER BLACK-OUT CONDITIONS 





Plenum On 


| Plenum Off 





Mineral! Dust 





| Mineral | Dust 


















































Sampling Total Dust |Concen- Total Dust |Concen-| ; 
Position | 1 and | tration | Size Distribution Dust | and | tration Size Distribution 
} j ani icles | | ic | ticl 
(mg./m?) —— — (mg./m?)| — -— ies 
(mg./m*)} c.cm.) | |(mg./m*)} c.cm.) 
1. Feed table oot ae 4 21 190 | Median size 2-6 | 39 12 | 190 Median size 2-Ip 
| | 99%, over 0-2n(1% less) | 97% over 0-2u(3% less) 
| 925% +» O5n7:5% ww ) | 87% +5 O5n(13% » ) 
181% . Iw (19% + )| T4% 5» Iw (26% ,, ) 
} |} 61% 5, Zu oe » ) | 3a ” au eg o» ) 
| | 118% ,, Su (82% ,, ) | 14% +» Su (86% », ) 
3. Scutcher intake.. | 67 | 21 a es= | _ 32 11 — | = 
4. General 4 | 2 |} 42 Median size 1-75 25 11 233 | Median size 2:05 
atmosphere | | | 95-5% over 0-24 (45% less ) | 95-5% over 0-2y (4:5% less) 
| | | 83-5% ,, O54 (165% 5, ) 86% —» OSU(IA% » ) 
| 67% » In G3% » ) 73% » in TH >» ) 
| | 46% 3, 2u (54% 3, ) 51% 3, 2n (49% 5.) 
17% +» Su @3% 5, ) 189 » Sh (82% ;,,) 
5. Centre of Swe | ok ot) eed ee oes we, 
scutcher | 16 | 5 — aa 46 12 — — 
6. Fibre dressing .. ae 3 — -- 28 il as - 
Overall averages .. | 34 10 — — 34 COSY 11 — — 
Overall ranges .. | 4-67 | 2-21 a ant 25-46 | 11-12 = io 





The straw used during these tests was poor quality, dusty, tank-retted straw, with a moisture content of 16.59%, and the feed weight/ 


machine/hr. was 580 Ib. 


TABLE 2 
GRAVIMETRIC AND DUST COUNT ESTIMATIONS AT BLAIRGOWRIE 


FLAX FACTORY UNDER BLACK-OUT CONDITIONS 


























No Plenum 
. we: ai Mineral Dust are: 
Sampling Position Total Dust Dust and Concentration Size Distributi 
(mg./m*) Organic Ash (particles ren 
(mg. /m*) per c.cm.) 
1. Feed table ae oe 5 3 155 Median Size 1-6u. 4 
. 97°5% over 0-2u (2°5% less) 
86% ». O5n(14% ,,) 
| 68% ” Iu (32% ” ) 
| 40% ” 2u. (60% ” ) 
5% ” Su. (95% ” ) 
3. Scutcher intake .. sky 28 11 — — 
4. General atmosphere... 5 2 113 Median Size 1-45 
97:°5% over 0:2u (2:5% less) 
83% ” 0-54 (17% ” ) 
63% 55 in G7% ss ) 
Sie 2.(63% =, ) 
Th » . MOIS «) 
5. Centre of scutcher oH 7 3 = ee 
6. Fibre dressing .. de 14 3 — 
Overall ‘averages a5 os ae 12 eer al ee Pre eace, sae ep leet Ss Wee en, Vee eT 
Overall ranges ay ee 5-28 a 2-11 RCT NMI AR eC ei or aris 





The straw used during the tests was poor quality, dusty, tank-retted straw, 
hr. of 624 Ib. 


with a moisture content of 17.2%, and feed weight/machine/ 
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elevator openings towards the fibre dressing end of 
the room. Conditions were thus unfavourable to 
high concentrations of dust, and visually the general 
atmosphere seemed reasonably clean. The tests 
under black-out conditions were also made with the 
same four machines running but using green flax 
straw. The tests were made at similar positions 
over a period of an hour after the machines had 
been running for an hour. The plenum system of 
ventilation was not working on account of the low 
outside temperature and temporary disuse of the 
heating system. The results are given in Table 3. 

Fordham was a non-standard factory though not 
differing markedly from the standard type. It 
operated a two-shift system with three upward- 
exhausted scutching machines using green straw fed 
by three de-seeding machines also in action in the 
same room. Dust determinations were made under 
normal night time black-out conditions with the 
standard fabric plenum system in operation. The 
tests were begun after the night shift had been 
operating the scutching machines for half an hour 
and covered a period of three-quarters of an hour. 
After an interval of a quarter of an hour a repeat 
series of tests was made in the same standard 
sampling positions to check the consistency of the 
results. As will be seen from Table 4 very satis- 
factory agreement was obtained. This was the 
first factory tested at which the de-seeding machines 
in the scutching room were also in action. 


Discussion on First Series of Tests 


A strict comparison of the results obtained in the 
scutching rooms of the four factories (Tables 1-4) 
is not warranted owing to inevitable variations in 
the type of flax straw, the use of de-seeding machines, 
variations in humidity and other atmospheric 
conditions during the tests, structural differences in 
the scutching rooms, and minor variations in the 
lay-out and capacity of the dust extraction plants 
and plenum systems, but the following general 
observations can be made :— 


Using the same type of dusty retted straw, the 
average dust content of the air at Devizes was 
greater than at Blairgowrie. 

Except at the scutcher feed tables and intakes the 
dust conditions were much better at the Devizes 
factory when the plenum system was in operation. 

At West Newton the day-time dust conditions 
were reasonably good and at none of the test points 
was there a high concentration. Under black-out 


conditions, however, with the plenum off, there was 
a considerable increase in atmospheric dustiness, 
with a particularly marked deterioration in con- 
ditions near the scutcher intake. 
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At Fordham the atmosphere under black-out 
conditions was generally the worst of those 
measured in this series of tests. Repeat tests 
confirmed this finding. 

The efficiency of the dust extraction plants and 
the plenum systems did not appear to have much 
effect on the dust concentration at the feeding tables. 
The figures given for test positions 1 and 3 at the 
feed tables and scutcher turbine intakes did not 
indicate the relative effectiveness of the main 
scutcher dust extraction plants, as at none of the 
factories at the time of the tests had provision been 
made for localized exhaust control of the dust at 
these points. It seemed likely therefore, since the 
samples were taken immediately above the tables, 
that the results obtained at these positions indicated 
roughly the relative dustiness of the flax processed 
at the various factories. On this basis the results 
would indicate that the flax processed during the 
tests varied w:icely in dustiness. 

The percentage of mineral matter and organic 
ash in the air-borne dust varied with the factory and 
the point of sampling, but in general was highest at 
the intake to the scutchers and lowest at the fibre 
dressing end of the machines. 

While the thermal precipitator dust count results 
were not very high at any of the factories and fell 
within a range of 42-283 particles per c.cm., the 
dust clouds were considerably coarser than those 
normally met with in the working atmospheres of 
other dusty factories such as potteries, foundries or 
cotton mills. The median particle sizes ranged 
around 2u, there being between five and 18% of the 
particles over Su in diameter, though very few indeed 
of these were larger than 20u and only one was 
recorded as large as 100u. Nevertheless between 
85 and 95%, by number of particles constituting the 
dust clouds, were of a size capable of entering the 
lungs. In the range under 50yu high power micro- 
scope examination of thermal precipitator samples, 
of which Fig. 2 is a typical example, showed that 
for both green and retted flax dust less than 1% by 
number of the air-borne particles were of a fibrous 
nature. This suggests that the dust clouds formed 
in the scutching rooms were derived almost wholly 
from the cortex and woody matter of the flax straw. 

A rough correlation between gravimetric and 
thermal precipitator measurements was observed. 
For this reason, and on account of the great saving 
of time involved, it was decided in subsequent tests 
to use the gravimetric method of sampling only. 

On reviewing the results as a whole in relation to 
visual appraisal of the working atmospheres which 
had been tested and to the health of the workers 
already described, the Committee for which we made 
our investigations decided to accept dust concen- 
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TABLE 3 
GRAVIMETRIC AND DUST COUNT ESTIMATIONS AT WEST NEWTON FLAX FACTORY 





| Plenum On 
(Daytime) 


H Plenum Off 
| (Black-out) 





Mineral; Dust 
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Sampling Dus . } 
an : ust | Concen- ., | Dust |Concen- 
eee ne and tration Size Distribution } ~~ and | tration | Size Distribution 
(mg./m*)| we-w (particles (mg./m?)| ~—- (particles 
As per | - | Ss per | 
(mg./m*)| c.cm.) |\(mg./m*)} c.cm.) 
| ee ee Fo = eee: 
1. Feed table aes 7 2 57 Median size 1- Su 18 5 135 | Median size 1-7 
100% over 0-2u(—% less) | 100% over 0:2. (—%_less) 
97-53% 55 0-5. (2:5% » ) | 96% oo Ooms (4%, » ) 
70% » In (30% ,, ) | 73% oo Ip @I% 1» ) 
| 40% » 2u (60% ’ ) 43% ” 2. rte os > 
11% + Sp (89% ) | | 12% » Se (8% » 
Veen. tee ee ee a as ‘ 
LE AEE TE | ee ee se, Leena 
4. General | 7 2 73 +| Median size 1-6 25 4 200 | Median size 1-8 
atmosphere | 100% over 0-2n(—% less) 100% over 0:2u.(—% less) 
| | 975%» OSU2S% ow ) | | | 95% oO wl 5% — 
| | 3% » 1 25% » ) Me wow | Me. 9 
| | 41% Qn (59% | | 46, 7 2 ae") 
} | Zi ww (88% oD 12% », Su (88% » ) 
5. Centre of | : ilo is ee ly eR eer 
scutcher! 11 | 3; | -— — 46 11 — — 
6. Fibre dressing .. | 14 | 4 — | 34 5 —_ oe 
Overall averages .. 12 4 — _ 47 17 -- —_ 
Overall ranges ..| 7-21 | 2-7 ins sie 18-113 | 460 | — ~ 





The straws used during the tests were retted straw and green straw, with a moisture content of 10.5% and 15%, and feed weight/machine/ 


hr. of 717 Ib. and 627 Ib. respectively. 


TABLE 4 
GRAVIMETRIC AND DUST COUNT ESTIMATIONS AT FORDHAM FLAX FACTORY UNDER BLACK-OUT CONDITIONS 





Plenum On 





Plenum On 





























Series 1 Series 2 
Ranattn Mineral} Dust Mineral Dust 
P so & Total Dust | Concen- ; Total Dust | Concen- | 
— totes and tration Size Distribution Dust and tration Size Distribution 
I a (particles Organic |(particles 
y 3 3 
(mg./m*) ‘keh per (mg./m*) As per 
(mg./m*)| c.cm.) (mg./m*)| c.cm.) 
¥ Feed table _ fi ‘ 21 5 210 Median size 1-75u 25 5 ~ 256 Median size 1-75 
99% over 0-2u ( 1% less) 97% over 0:2u( 3% less) 
8% » O5p (12% a ? | 89% ,, OSn2(11% ,, ) 
1% « ke GS ws) 72%» In (8% ,, ) 
44% 2u (56% ,, ) 43% + 2m (57% ,, ) 
8° Sn | «66G2%. ~, ) : 10% +» Su (90% ,, ) 
3. Scutcher intake. 28 7 _- _ 28 5 - — 
rh General 35 5 266 Median size re 75u. 34 3 283 “Median size 1- Su 
atmosphere 98% over 0-2u ( 2% less) 98% over 0- 21 ( 2% less) 
86% ,, 0-5p (14%, sis es 90% ,, O5n(10% ,, ) 
69%, ln «GIR » ) 73% In GI% »w ) 
48% » me GS%-.u ) 46% » 2m (54% ,, ) 
13% +» Se (85% ;, ) 13% » Sw (87% ,, ) 
3. “Centre of 
scutcher 106 il -= — 110 11 — — 
6. F ibre dressing ae 92 14 - - 88 il — — 
Overall ; averages . 56 8 — — 57 7 — — 
Overall ranges 21-106 5-14 — -~ 25- 110 5-11 — — 





The straw used during the test was green straw, with a moisture content of 13.9%, and feed weight/machine/hr. of 595 Ib. 


trations of 7 mg./m* (0-2 mg./cu. ft.) in the general 
atmosphere of the scutching room and 18 mg./m* 
(0-5 mg./cu. tt.) at the feeding tables, intakes and 


centres of scutchers, and fibre dressing ends of the 
machines as the provisional upper limits which 
could be permitted. 











—~ oP 


. 7 





—S ee 


) 
) 
) 
) 
) 


he 


~ 








Gravimetric Dust Surveys at Howden, Devizes, and 
Pluckley Flax Factories 


Great efforts were made to cut down the air-borne 


’ dust concentrations in all the 17 flax factories, and 


to test the progress achieved further surveys were 
made in the scutching rooms of the Howden, 
Devizes, and Pluckley factories. Those at Howden 
and Devizes were extended surveys in which gravi- 
metric samples were taken at all the six standard 
sampling positions during both day and night 
shifts, over a period of a fortnight. 


Howden Flax Factory.—At the Howden standard 
factory, owing to shortage of maintenance staff, the 
plant and workroom had received only a partial 
cleaning and overhaul before the tests, 13 of which 
were carried out under normal working conditions 
in daytime and 10 during black-out. The first 18 tests 
were carried out with green straw being scutched and 
the remaining five with anaerobically retted straw. 
Tests were almost all of an hour’s duration at times 
chosen to give an unbroken period of test. During 
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most of the fortnight the weather was cold and dry 
and the humidity in the scutching room low. The 
plenum system of ventilation and the heating system 
were in operation throughout the tests. Variable 
winds affected the amount of day time draughts 
from the beet elevator openings and from the doors 
and windows. The results obtained are represented 
graphically in Fig. 3. They were disappointing in 
that the provisional standards were attained in only 
one of the 23 tests. It will be seen from Fig. 3 that ~ 
the largest amounts of dust in the working atmo- 
sphere, in decreasing order, were usually found at 
(a) the centre of the scutcher, (b) the fibre dressing 
end of the machine, and (c) the scutcher intake, the 
general atmosphere position and the feeding table. 
In Table 5 a comparison is made of the dust con- 
ditions at the different points. The number of 
tests made with retted straw being smaller than 
with green straw, the variation in working conditions 
was correspondingly less, though throughout the 
two days when retted straw was being scutched the 
dust at all points appeared to be finer and was more 






Fic. 2.—Photomicrograph (x 447} of thermal precipitator sample of air-borne fiax scutching dust in the general 


atmosphere of the flax scutching room at West Newton factory under black-out conditions. 
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Fic. 3.—Graph of results of gravimetric dust survey at Howden factory. 
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TABLE 5 
COMPARISON OF GRAVIMETRIC DUST ESTIMATIONS AT POINTS IN THE SCUTCHING ROOM AT HOWDEN FACTORY 





Green Straw 


Retted Straw 





| | Failure | 
| No. of |} to | 
Tests | Attain 


Content of 
| Air (mg./m*) 


Sampling Position 


Average Dust | 


Average Dust | 


| | 

| Range Failure | Range 
|(mg./m*)| No. of to | Content of (mg. /m) 
Tests | Attain Air (mg./m*) 





| \Standard| Total | 


Mineral | Total 





Standard) Tora) | Mineral | Total 




















) 1. Feed table,end .. a oe ae Fe 3-32} 5 2 17 6 | 11-25 

2. Feed table, mid-way | 18 6 | 1% 6 3-35 | 5 3 18 7 1 S28 

3. Scutcher intake .. me | a2: hae 10 11-60 5 5 36 2 || 2s 

4. General atmosphere | 18 | i i ee’ 3 7 3-58 5 5 23 "7 | 36-32 

5. Centre of scutcher.. | 18 | 17 84 | 17 | 18-208 5 5 54 11 | 42-81 

| 6. Fibre dressing i ae ey OR ee 11 =| 21-102 5 5 35 7 | 25-49 
Overall averages ..| — — a 9 A SESS iggee’: 30 8 | — 

Gennes 9.0) bo be hoe Te gig heat Be ced 9-81 





irritating to breathe than the dust from green straw. 
In general the amount of mineral matter, including 
ash of organic material, in the dusts from both 
green and retted straw decreased progressively from 
35% to 40% at the feeding table to 15% to 20% at 
the fibre dressing end of the scutching machine. 

The amount of dust liberated at the various 
sampling positions varied noticeably with the 
conditioning and mode of handling of the flax 
straw. The. worst conditions were around the 
centre of the scutcher at the change-over point 
where occasional blockages in the exhaust system 
and leakages (facilitated by the action of the 
rotating beater blades which set up static pressures 
in the turbine casing) caused heavy local dust 
concentrations. 


Devizes Flax Factory.—In view of the disap- 
pointing results at Howden it was decided to carry 
out further trials at the Devizes factory which had a 
good record for cleanliness and in which, since the 
original trial, the breaking roller portions of the 
scutching turbines had been converted to down- 
draught dust extraction. The aim of the trials was 
to see if the provisional dust standards could be 
attained under normal working conditions over a 
week with the plenum ventilation system in operation. 
Separate tests were done before and after the monthly 
clean up. In both series dusty green straw of poor 
quality was being scutched and there was no black- 
out at night. Test conditions were substantially 
the same except that relative humidities were 
higher on account of mild wet weather in the second 
series before the clean-up. The results, which are 
recorded graphically in Fig. 4, were again disap- 
pointing and. exceeded the provisional standards in 
almost every test. A comparison of the average 








figures at the various points in the scutching room 
is given separately in Table 6 for both series of 
tests. 

The same observations and conclusions applied 
for both tests. As was to be expected the pro- 
portion of mineral dust, including ash of organic 
matter, was highest at the feeding tables, the figures 
being similar to those at Howden. No dust was 
observed to rise from the turbine scutcher breaking 
rollers which had been converted to separate down- 
draught dust extraction. It seemed that even in a 
mill where maintenance was of a high order and 
down-draught extraction to the breaking rollers had 
been installed, it was not possible to attain the 
provisional standards laid down. In view of the 
results obtained in the original tests at Devizes the 
failure to achieve these was attributed to the poor 
and dusty quality of the straw; and since in the 
later trials the largest amount of dust was again 
emitted at the change-over sections of the turbines 
it appeared that there was little hope of any modifi- 
cation of the up-draught extraction system on the 
turbines, Or any reasonable system of maintenance, 
giving conditions which would allow the provisional 
dustiness standards to be met. It became apparent 
that owing to inherent difficulties in design the 
upward extraction system was failing to maintain a 
suction in the scutcher turbine hoods and also that 
the hoods formed a tunnel’ in which dust collected 
and which could only be cleaned out with difficulty 
owing to its inaccessibility. 


Pluckley Flax Factory.—The final series of dust 
measurements made in scutching rooms were at the 
Pluckley mill, one of the older standard factories 
operating two scutching machines, and here a trial 
covering four shifts was carried out after the down~ 
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Fic. 4.—Graph of results of gravimetric dust survey at Devizes factory. 
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TABLE 6 


GRAVIMETRIC DUST ESTIMATIONS IN THE DEVIZES SCUTCHING ROOM FOR A WEEK BEFORE AND AFTER 
MONTHLY CLEAN-UP OF MACHINERY 








Green Straw 











Average* Dust Content of Air Range 
Ly (mg./m*) (mg. /m?) 
Sampling Position a 
Total | Mineral Total Mineral 
Before After Before After | Before After Before After 


Cleaning | Cleaning | Cleaning Cleaning | Cleaning | Cleaning Cleaning | Cleaning 








1. Feed table, end .. ot SR? ae 6 9 9-35 14-42 3-14 | 5-21 
2. Feed table, mid-way -:| 17 | 16 6 5 5 | tae |. See | oe 
3. Scutcher intake .. 2 F e 24 9 8 11-34 11-39 | 3-14 | 3-12 
4. General atmosphere... | 13 17 3 4 7-28 11-28 | 2-11 | 2-7 
5. Centre of scutcher a ae 60 12 10 32-134 | 32-99 | 7-18 | 5-18 
6. Fibre dressing .. ets: ame 27 m 4 11-49 18-35 2-11 2-5 
Overall averages .. oie’ wee 28 7 7 — ; — ; o— — 





Overall ranges es oe mtg a se a 


— 7-134 7-99 | 2-18 2-21 





* Average of 10 tests. 


draught dust extraction system had been fitted both 
to the breaking rollers and to the scutching turbines 
themselves. Tests were made during the scutching 
of both green and tank retted straw and under both 
day and night conditions. As in previous tests, 
sanyples were taken over a period of about an hour 
and were begun after the scutching machines had 
run continuously for at least half an hour. Owing 
to the cold weather all outer doors were kept shut 
during both day and night tests. Ventilation 
openings in the walls were also closed and the fans 
re-circulated warmed air drawn from the room. 
The main sources of air replacing that withdrawn by 
the dust extraction system appeared to be the flax 
beet elevator openings and a nearby entrance to 
the adjacent de-seeding room, and there was a 
noticeable movement of air past the feeding tables 
towards the scutching machines. 


The results of the tests are recorded in Table 7, 
and it will be seen that with the one exception of 
the green flax straw day time test the provisional 
dustiness limits of 7 mg./m* in the general atmo- 
sphere and 18 mg./m* along the scutching machines 
were not exceeded. The down-draught dust extrac- 
tion system worked satisfactorily, and on no 
occasion was dust observed rising from the machines, 
including the breaking rollers. In general the 
amount of dust was greatest at the feeding table, 
with smaller and uniform amounts at the centre 
and fibre dressing end of the machine and in the 
general atmosphere. The amount of mineral 


matter in the dust was also highest at the feeding 
table. 


Throughout the tests visual observation 





showed the general atmosphere of the scutching 
room to be reasonably good. 

The results of these tests were very encouraging. 
With down-draught extraction with adequate fan 
power on both the breaking rollers and scutching 
turbines, together with careful plant maintenance 
and cleaning, the provisional dustiness standards 
were attained. In the three successful tests out of 
the four, the dust emitted at the centre change-over 
of the scutcher turbine was of the order of one 
tenth of that in the Devizes trial where up-draught 
extraction was in force, and it seemed that the 
down-draught system had overcome to a large 
extent the effect of static pressure in the turbine 
casing. Tests on the explosive properties of flax 
dust showed that it was readily ignitable but only 
by a source of heat of large size and high temperature 
(such as an electric arc) or one of long duration 
(such as the flame of a Bunsen burner). This 
result was encouraging also, as it largely removed 
the fear that with down-draught extraction an 
accumulation of dust im tunnels under scutching 
machines might introduce a serious explosive risk. 

The Directorate of Home Flax Production there- 
fore decided to change up-draught extraction on the 
scutcher turbines to some suitable type of down- 
draught extraction at all mills as and when oppor- 
tunity arose and local structural conditiors per- 
mitted. Visual observation suggests that the 
subsequent history of the industry has been one of 
steady improvement arising from this decision, from 
the introduction of new designs of more nearly 
totally enclosed and exhausted machines, and from 
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TABLE 7 
GRAVIMETRIC DUST ESTIMATIONS AT PLUCKLEY FLAX FACTORY 





| 


| Green Straw 


Tank-Retted Straw 





Daytime | 


Night-time 


Daytime Night-time 





Sampling Position Mineral | 


Total |Dustand| Total 


Mineral 
Dust and! Total 


Mineral Mineral 
Dustand| Total | Dust and 
































Dust | Organic | Dust Organic Dust Organic Dust | Organic 
(mg./m*)| Ash (mg./m*) Ash | (mg. /m*) Ash (mg./m*)| Ash 
| (mg. /m?) | (mg./m*) | (mg. /m*) | (mg. /m*) 
1. Feedtable,end.. ..| 21 ec Bee we eee a iam 
2: Feed table, mid-way :.| 21 yt Se a 3 eae 
3. Scutcher intake .. - 21 7 11 3 7 3 5 2 
4. General atmosphere... 16 5 7 | 2 7 2 3 | 1 
5. Centre of scutcher Ba 16 3 5 2 7 2 3 1 
6. Fibre dressing .. _ 16 3 5 2 7 2 3 1 
Pe a ee 5 10 | 3 8 2 we he. 
Ranges 2 ‘ia -s 16-21 3-7 | 5-16 2-5 7-11 2-3 3 i BS 
Room temperature .. a 47°F 45°F 47°F | 45°F 
Relative humidity .. werd 59% — — — 
Feed weight /machine/hour 900 Ib. 1,000 Ib. 





Overall averages 


11 mg./m* (total dust) and 3 mg./m* (mineral dust) 





Overall ranges 


3-21 mg./m* (total dust) and 1-7 mg./m* (mineral dust) 





the improvements in general and exhaust ventilation 
and in plant maintenance and cleaning made 
possible by the return of peace time conditions and 
improvements in the labour supply. It is not the 
purpose of this paper to record these and many 
other subsequent improvements. It is only desired 
to place on record here the air-borne dust conditions 
which existed in the flax scutching industry in the 
early years of world war II. 


Dust Estimations in Tow Rooms 


A few gravimetric dust estimations were made 
under normal day time conditions in the separate 
tow rooms situated underneath the scutching rooms. 
The preparing, straightening out, and cleaning of 
the tow is done on machines, such as tow rollers 
and beaters (fitted with a set of multiple, fluted 
rollers for breaking scutching rug, and with inter- 
mediate beater blades), tow scutchers (machines 
specially designed for scutching rug into tow), high 
speed tow shakers (machines with rapidly vibrating 
steel pins for shaking out tow after treatment by the 
previous machines), slow speed shakers (machines 
for shaking out the shives), and roughing-out 
machines (for roughly separating the seed from the 
chaff, short straw, weeds etc., produced during the 
de-seeding process). Dust samples were taken over 


a period of an hour at breathing level at three 
factories, Fordham, Howden, and Pluckley, usually 
at or near positions where the dust clouds coming 
from the machines appeared visually to be worst, 
and were made after the machines had been running 
for at least half an hour. The air-borne dust 
concentrations (Table 8) were similar to those 
found in scutching rooms with up-draught local 
exhaust ventilation and were in excess of the 
provisional standards of dustiness for scutching 
rooms. The conclusion drawn from the tests was 
the need for the tow roller and beater machines to 
be enclosed and exhausted and for other dust 
producing sources, such as seed cleaning plant, to 
be similarly dealt with. 


Chemical and Spectrographic Analyses of Flax Dust 


From a study of the literature it appears that 
little work has been done on the possible hazard of 
silicosis from fiax dust. Glibert (1902) quotes 
chemical analyses of single samples of natural and 
retted flax straw and fibre due to Wolf (“‘ Etude sur 
les engrais”) and of flax straw ash made by 
Professor Hodges, of Belfast, from which it appears 
that the free silica contents of the straw and fibre 
varied between about 0-1 and 0:5%. The only 
other published analyses (of flax seed and straw) 
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TABLE 8 


GRAVIMETRIC DUST ESTIMATIONS MADE IN THE TOW ROOMS 


AT FORDHAM, HOWDEN, AND PLUCKLEY FLAX FACTORIES 












































Fordham | Howden Pluckley 
Mineral Mineral Mineral 
Sampling Position Total Dust and Total Dust and Total Dust and 
Dust Organic | Dust Organic Dust Organic 
(mg. /m*) Ash | (mg./m*) Ash (mg./m*) Ash 
(mg./m*) (mg./m*) (mg./m*) 
Four feet from sack fitted to cyclone outlet -- — — ~- 49 32 
hopper of roughing-out machine 
At feeding table to intake of tow roller and 56 11 | 30 9 —. — 
beater machine 
Mid-way along tow roller and beater machine —- — — — 35 14 
At end of tow roller and beater machine near 28 P | il 3 — — 
operator feeding high speed shaker | 
General atmosphere near centre of tow room 18 3 11 3 — — 
away from machines 
Room temperature .. a a Ms — | 56°F 45°F 
Relative humidity High | 52% 59% 
Type of rug Retted | Green | Green 





Overall averages 


30 mg./m®* (total dust) and 10 mg./m? (mineral dust) 





Overall ranges . . 11-56 mg 


./m® (total dust) and 3-32 mg./m* (mineral dust) 





which can be traced—those of Mach and Herrmann 
(1934), McHargue (1923), and Bertrand and Benzon 
(1929) on a limited number of samples—make no 
reference to silica contents but show potassium, 
phosphorus, magnesium, calcium, sulphur, iron, 
manganese, and zinc as present in amounts de- 
creasing, in the order listed, from 0-63% to trace 
values. Chemical analyses for silica content and 
spectrographic analyses of mineral ash were there- 
fore made on samples of flax dust. 

The samples necessarily contained a considerable 
amount of coarse fibrous material, which was 
removed by sieving through a B.S. sieve of mesh 
300 (nominal size of square apertures 53u). The 
fine dust passing this sieve was examined chemically 
with the results shown in Table 9. The free silica 
determinations were made by the standard fluoboric 
acid method (Line and Aradine, 1937). The 
results of the spectrographic examination of the 
mineral ash derived from the samples are recorded 
in Table 10. 

It is of considerable interest that the dust from 
the scutching of green flax contained 4:4% free 
silica, while that from rétted flax contained between 
65% and 8:2% according to whether the retting 
had been anaerobic or aerobic. Highest of all in 


free silica was the dust from the de-seeding of green 
straw, at 12-7%. This was to be expected in this 
early part of the scutching process because of the 
field dust and soil adhering to the straw and root 
ends (which are sliced off at this stage), since flax is 
a crop which is mostly pulled, not cut. While the 
free silica percentages are not high, they are by no 
means negligible, though it is realized that the dust 
samples analysed were not air-borne when sampled 
and so were coarser and not necessarily of exactly 
the same composition as the true air-borne dusts. 
Dusts containing the free silica percentages quoted 
could only cause serious effects after a long term of 
years spent in the industry, but taken in conjunction 
with the fairly high dust concentrations which have 
been shown to exist in this industry we conclude 
that a medical follow-up of long service workers 
would be justified. It cannot yet be said that the 
flax scutching process is free from a silicosis risk. 

Taking into account all these considerations, the 
health records of the workers already described, the 
probability under peace time conditions of a rela- 
tively smaller labour turnover, and reviewing the 
whole of the dust estimations recorded in the paper, 
we are of the opinion that air-borne dust from all 
flax scutching processes should be controlled so as 
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TABLE 9 










Sample 2 | 




































































































fragments than in 
2 


A few mineral | 


particles 


Sample 1 | Sample 3 | Sample 4 
. Scutching of | Scutching of . 
Source of Air Dried Dust Scutching of | Anaerobically | Aerobically De-seoding of 
Green Straw, Retted S Retted S Green Straw, 
Shatin | Retted Straw, etted Straw, Senien 
* Howden West Newton o/ 
(%) o/ 0/ (%) 
(%) Zo 
Volatile matter at 105°C 8-1 | 6°6 8-3 6-4 
Hard free silica (quartz). . 4-4 | 6°5 8-2 | 12-7 
Total silica (free and combined) 10'8 | 11-9 10-6 | 21-7 
Mineral ash 25-1 | 266 | 19-3 | 41-8 
TABLE 10 
SPECTROGRAPHIC EXAMINATION OF MINERAL ASH FROM FLAX DUSTS 
Sample 1 Sample 2 Sample 3 Sample 4 
Senne of Scutching of Scutching of Scutching of De-seeding of 
Diesel Ash Green Straw, Anaerobically Aerobically Green Straw, 
Howden Retted Straw, Retted Straw, Howden 
Howden West Newton 
(%) (%) (%) (%) 
Lead .. 0:04 0:04 0-04 0-04 
Manganese .. 0-02 0-02 0-02 0-03 
Calcium Present in relatively | Present in relatively | Present in relatively | Present in relatively 
Silicon large amounts large amounts large amounts large amounts 
Aluminium 
Cobalt 
Nickel 
Chromium Negligible or nil Negligible or nil Negligible or nil Negligible or nil 
Tin 
Zinc 
Strontium 0-03 0-03 0:03 _ 0-03 
Barium 0-02 0-1 0-01 0-05 
Titanium 0:35 0:35 0-25 0-4 
Magnesium 1-2 1:0 1:0 1-5 
(approx.) (approx.) (approx.) | (approx.) 
Iron .. 1-0 1:0 1:0 | 2:0 
(approx.) (approx.) (approx.) | (approx.) 
General microscopic | Much vegetable | Similar to 1 but | Mainly vegetable | Considerably less 
examination of debris. Some smaller fragments debris. Larger vegetable _ debris. 
dusts mineral particles. of vegetable debris | A number of 


spherical and oval 
cells, possibly wild 
yeasts and pollen 
grains. 








Samples 1 and 2 were taken from bag filters connected to the scutching machine ; 
scutching machine ; Sample 4 from bag filters connected to a de-seeding machine. 


Sample 3 from an exhaust duct connected to a 
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not to exceed 10 mg./cu. metre and we suggest this 
figure as a maximum allowable concentration. In 
our experience this amount would correspond 
approximately to a thermal precipitator dust count 
of about 100 particles per c.cm. 


Summary 


The literature on flax dust health hazards is 
reviewed, and data are given on the dust and health 
conditions existing in British flax scutching factories 
between 1943 and 1945. Air-borne dust concen- 
trations in the flax scutching rooms were initially 
high and were criticized by a Parliamentary 
Select Committee. 

To assist in ascertaining the causes of these 
conditions and in remedying them, dust surveys 
were made in the scutching rooms of six of the 
factories. The surveys mainly comprised gravi- 
metric estimations employing a sintered glass 
filtration method, which is described. Three 
hundred and seventeen results for six standard 
sampling positions in the scutching rooms are re- 
ported. 

The overall average of the air-borne dust concen- 
trations measured was 31 mg./m* with a range 
from 3 to 208 mg. /m*. 

The amount of mineral dust and ash of organic 
material in these gravimetric samples varied from 
between 35-40% of the total dust at the feed tables 
of the scutching machines to 15-20% at the fibre 
dressing end of the machines. 

A few gravimetric determinations were also made 
of the air-borne dust in the tow rooms of three of 
the flax factories and results similar to those for the 
scutching rooms were obtained. 

A limited number of thermal precipitator dust 
counts and size distribution estimations were made 
at the same time as the gravimetric estimations in 
the scutching rooms of four of the flax factories. 
The counts ranged between 42 and 283 particles per 
c.cm., with median particle sizes between 1-5 and 
2-6u. 
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Free silica was present in amounts ranging from 


4-4% to 12-7%. It is considered that flax scutching 
presents a small but probable long term silicosis risk 
to the operatives. A maximum allowable con- 
centration of 10 mg./cu. metre for air-borne flax 
scutching dust is proposed. 


We are grateful to Major G. O. Searle, O.B.E., 
Superintendent of H.M. Norfolk Flax Establishment, 
for his interest and encouragement through all stages of 
the work. We wish to thank Mr. A. A. Russell and 
Dr. J. A. C. McClelland, both of the Government 
Laboratory, the first for valuable assistance in taking 
many of the gravimetric samples in the early stages of 
the work, the second for the spectrographic analyses 
of the mineral ash from flax dusts given in Table 10. 

Finally we are indebted to H.M. Chief Inspector of 
Factories, to the Government Chemist, and to the 
Chief Scientist of the Ministry of Supply for permission 
to publish the results of our work. 
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APPENDIX 


Gravimetric Method of Sampling 


Six gravimetric samples are collected simultaneously. 
The sintered glass filters, fixed at the desired sampling 
positions, are connected by long lengths of rubber 
pressure tubing to six flowmeters in a control box 
situated in a convenient central position. The flowmeters 
indicate the pressure difference developed across glass 
capillary tubes by the air pulled through the filters by a 
vacuum pump, and consist of vertical glass tubes, dipping 
into glass reservoirs containing water dyed with Kiton 
red and a drop or two of a wetting agent to prevent any 
sticking of the meniscus in the tubes. The dust filters 
are connected via the flowmeters to common brass 
headers and thence either to atmosphere, for adjusting 
flowmeter scale zeros, or to an electric rotary vacuum 
pump (Edward’s). The flow of air through each filter 
is controlled by a needle valve in the flowmeter box and 
it has been usual to work at the maximum of the flow- 
meter scale, corresponding to 140 litres/hour, at which 
rate there is still a useful suction reserve to allow for 
adjustments. The flowmeters were calibrated against a 
standard wet gas meter. An average sampling test lasted 
about one to one and a half hours. The sintered glass 
filters used were Baird and Tatlock crucibles (Type 
Numbers 317 H3 or 61 H3) of disc diameter 30 mm. and of 
porosity 3 (nominal porosity 25u). This porosity was 
chosen after preliminary gravimetric tests had been made 
of the filtrating efficiency of discs of varying porosity using 
very dense flax dust clouds at one of the standard 
factories. With a 254 and an 1lu nominal porosity 
filter (each backed by a 7 nominal porosity disc) 
sampling dust concentrations of 205 and 162 mg./cu. 
metre respectively, the dust penetrating the first discs 
(initially clean) to the 7 discs was not weighable within 
the limit of sensitivity of the balance (- 0-1 mg.) when 
7-2 and 8-0 mg. of dust had been collected on the first 
discs. The 25u nominal porosity (porosity 3) discs 
have a lower resistance to air flow than the others, so 
enabling quicker sampling rates to be achieved. At the 
chosen rate of 140 litres/hour the resistance of a clean 
filter averaged about 45 mm.Hg, which is*about seven 
times that of a No. 1 Whatman filter paper of similar 
diameter. As a more accurate check on the efficiency 
of these 25u. porosity sintered glass filters working at 140 


litres/hour against fine air-borne dust particles, thermal 
precipitator samples of dust both entering and leaving 
the filters were taken, using green flax dust in the general 
air of the Howden factory scutching room. Using 
special adapters to enable the air passing the filters to be 
sampled three separate tests were made. The first 
filter was tested for the later half of its 50 minute run so 
that the test might cover the later stages of filtration 
after it had collected some dust and was presumably in a 
more efficient state. The second and third filters were 
tested over the whole of an hour’s run so that the initial 
stages of filtration when the filters might be expected to 
be least efficient were included. The second filter was 
a new one, while the third was a cleaned filter used on 
many previous occasions. The gravimetric dust concen- 
trations of the dust clouds at the sampling point varied 
between 20 and 28 mg/cu. metre. In the tests of the 
first and third filters the thermal precipitator dust 
concentrations entering the filter were 424 and 193 
particles per c.cm. respectively, with median dust cloud 
sizes of 0-8 (18% less than 0-2u, 54% less than lu, and 
90% less than 5u), while for the new second filter the 
dust concentration was 292 particles per c.cm. of median 
size 0-4 (25% less than 0-2u, 72% less than lu and 96% 
less than 5u). A careful microscope search, using both 
low and high power objectives, of the thermal precipitator 
samples of the air passing the filters failed to show any 
deposit of dust particles. The inference was that the 
25u nominal porosity sintered glass filters retained 
substantially 100% of particles down to 0-2u in diameter 
under our working conditions. 


Before use the sintered glass filters were chemically 
cleaned and dried, conditioned overnight in a desiccator 
over anhydrous CaCl,, and weighed on a sensitive 
balance. They were then sealed with a cellophane 
wrapping held in place by a rubber band and packed in 
compartmented boxes ready for use. After sampling the 
filters were again wrapped in cellophane for transport 
back to the laboratory and were re-weighed after con- 
ditioning overnight as before. The filters were then ignited 
at between 450°C and 500°C to enable the mineral dust 
and organic ash content of the samples to be determined 
by further re-weighing after again conditioning over- 
night as before. 
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EROSION OF TEETH DUE TO TARTARIC ACID DUST 


BY 


W. B. ELSBURY, R. C. BROWNE, and JOHN BOYES 


From the Nuffield Department of Industrial Health and the Nuffield Department of 
Oral Medicine, University of Durham, King’s College, Newcastle upon Tyne 


(RECEIVED FOR PUBLICATION SEPTEMBER 7, 1950) 


Clinical descriptions of occupational dental 
erosion have been written by Berenzon (1931), 
Schour and Sarnat (1942), and by Lynch. and Bell 
(1947). But dental erosion due to a dust does not 
appear to have been described. 

The present investigation originated in the 
observation of erosion of the upper incisor teeth of 
two dental patients, who thought that the destruc- 
tion of their teeth was caused by their work. They 
mixed powders which, they understood, contained 
tartaric acid, and said that other girls were similarly 
affected. Observation in the factory showed that 
the atmosphere of the room in which these girls 
worked was indeed very dusty, and the problem 
was, therefore, to determine the composition of the 
dust and whether it affected the rest of the girls in 
the workshop. 


Methods and Results 


The Dental Survey.—The teeth of 
the 15 girls employed in the dusty 
process were examined, together with 
the teeth of 16 girls, who were com- 
parable in age and in financial status, 
from those in the tin-making shop not 
handling the dusty product. It was 
assumed that there would be no gross 
nutritional differences among girls with 
a similar family financial status. There 
had been no interchange of staff be- 
tween the two parts of the factory. 

The erosion was observed in all 
stages from the early lesion with a 
rough, etched surface, which, on 
further exposure, becomes flattened 
and faceted, thereafter gradually ex- 
tending until the enamel disappears 
and the dentine is exposed. More 


advanced cases show the destruction of the incisal 
edge and a loss of the normal outline of the 
tooth (Fig. 1). Discoloration appears when the 
dentine is exposed. 

The results of the dental examination showed that 
all but one of the girls in the mixing room were 
affected, but none of the control series showed the 
type of erosion described. 

The table shows the relation between the length 
of exposure and the extent of the dental pathology. 
The earliest stages are obvious to-the naked eye 
after six months’ exposure, but even after three 
months there are complaints of roughening of the 
teeth. After three years the teeth, in some cases, 
had been so disfigured or destroyed that they had 
been replaced partially or completely by dentures. 





Fic. 1.—Photograph showing erosion of tooth enamel, exposure of 
dentine, and loss of normal tooth outline. 
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TABLE 


THE EXTENT OF THE DENTAL EROSION AMONG AFFECTED 
GIRLS RELATED TO LENGTH OF EXPOSURE 





No, | Individual | 





| Average 
Appearance of Lengths | 
Teeth Girls of Exposure | | yo 
(in years) | y 
Normal teeth at.) *m@ 5/12 
Eroded contour but 
normal outline .. 3 1, 6/12, 1 10/12 
Contour and outline 
eroded ae x 6 ca a Rep Ae. Be 3 
With dentures (com- | 
plete or partial) .. 5 3,3 3145 6 





The comparison of the teeth of the two groups of 
girls showed that five of those affected had dentures, 
(three with complete sets), compared with two 
controls with partial dentures and one with a 
complete set. 

The four girls who were available were re- 
examined after 22 months. Examination dis- 
closed that one girl had had her maxillary incisors 
extracted because of their unsightly appearance, 
and the lower incisors had become more affected. 
In another the enamel condition had progressed from 
etching to almost complete destruction. In the third 
patient the contour of the tooth had become 
involved, and the open bite deformity was more 
extensive. In the fourth, there was no etching 
when the girl was first examined, but it was present 
on the second examination. 


Concentration and Analysis of the Dust.—The 
girls in the workshop concerned scooped powders 
out of drums by hand and weighed them, and both 
these jobs produced obvious dust. A> mechanical 
mixer was used which was fed by a conveyor, and 
periodically in the process the powders were emptied 
by hand down chutes or into hoppers, and all these 
operations added their quota of dust to the general 
atmosphere. 

Since the relationship of the clinical disease 
was measured by the month, interest was focused 
upon the long term average concentration and 
composition of the dust, rather than on the short 
term fluctuations. From a time study carried out for 
three whole working days it appeared that each girl 
spent 29 to 30 hours a week in the dust. The con- 
centration of airborne dust, determined gravi- 
metrically by passing air samples through tubes 
fitted with sintered glass plates, averaged 15 mg. 
per cu.m., and the mean percentage composition 
of the dust was as follows :— 


Free tartaric acid ; 77 
Combined tartaric acid 22°5 
Sodium bicarbonate 16°5 
Magnesium sulphate (dried to 27% water) 37:2 
Sucrose (by difference) ts 14-3 
Insoluble residue 9:5 


Hence, about 1-1 mg. per cu.m. seems to be the 
concentration of free tartaric acid to which the 
teeth were subjected, and which under the conditions 
of the present experiment may have caused erosion 
in about six months, assuming that tartaric acid 
is alone responsible for the erosion. 


Discussion 


The type of dental erosion described by Lynch 
and Bell (1947) due to mixed nitric and sulphuric 
acid fumes is very similar to that described here 
due to the relatively weak tartaric acid, which, 
however, is in the form of a dust. It may be that 
this settles on the teeth normally exposed by the 
lips, forms a highly concentrated solution in the 
saliva locally, and converts the insoluble calcium 
salts of the enamel and dentine into soluble calcium 
tartrate. 

In theory, to prevent the condition it is necessary 
totally to enclose the process, and weighing and 
handling should be automatic, but in this instance, 
since a new factory is being designed, it will hardly 
be financially justifiable to install new plant in the 
old factory. However, as a temporary measure, 
exhaust extraction at the main points of dust 
production has been installed. Masks are supplied, 
but are not worn, and, unfortunately, the dust 
cannot be wetted as it would prevent mixing and 
spoil the product. 


Summary 


Erosion of the teeth of girls working in an 
atmosphere containing dust composed of a mixture 
of tartaric acid, sucrose, magnesium sulphate, and 
sodium bicarbonate, is described. 

Gravimetric analysis of the dust showed an 
average concentration in the shop of 15 mg. per cu.m. 
Spending 30 hours per week in this concentration, 
which, it is estimated, contained an average of 
1-1 mg. per cu.m. of free tartaric acid, produces 
clinical erosion of the teeth which may be detectable 
after an exposure of six months. 


We should like to thank Mr. A. W. Kay, Director and 
Works Manager of Messrs. Scott and Turner Ltd., for 
every facility, and also the John William Luccock 
Research Fund for providing one of us (W.B.E.) with a 
fellowship. 
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THE RAPID ESTIMATION OF MERCURY IN THE 
ATMOSPHERE OF WORKROOMS 


BY be 
MONAMY BUCKELL 


From the Department for Research in Industrial Medicine (Medical Research Council), 
the London Hospital 


(RECEIVED FOR PUBLICATION MAY 19, 1951) 


To measure the hazard to the worker it is often 
necessary to determine the atmosphere concentra- 
tion of mercury in a workroom. It should be 
borne in mind that inhalation of mercury, though 
probably the most dangerous, is not the only way 
by which mercury enters the body. It follows that 
a measurement of the mercury content of the 
atmosphere does not give a full indication of the 
hazard. Air analyses are useful in determining the 
degree to which the workers are exposed ; this is 
especially true of those not handling mercury, but 
working in the same atmosphere as those who do. 
Such analyses are also a means of keeping a check 
on the general good housekeeping of the workroom. 

In the method described by Stock and Heller 
(1926) mercury vapour is removed from the atmo- 
sphere by trapping in chlorine water, while in the 
method described later by Stock and Cucuel (1934) 
mercury vapour is removed by passing the air 
through a tube cooled in liquid air. The mercury 
is then dissolved in chlorine water and deposited 
electrolytically on a copper wire. Fraser (1934) 
collected mercury from the air using solid carbon 
dioxide and ether or liquid nitrogen as his cooling 
agent. Mercury vapour may also be collected in 
alkaline hypobromite (Buckell, Hunter, Milton, and 
Perry, 1946; Milton and Duffield, 1947), in a 
solution of iodine in potassium iodide (Barnes, 
1946), or in a mixture of potassium permanganate 
and sulphuric acid (Kuziatina, 1939). Dusts of 
mercury compounds have been collected in nitric 
acid in an impinger or a Palmer dust machine 
(Jacobs, 1941), or on a filter paper followed by 
digestion of the filter paper (Milton and Duffield, 
1947; Buckell and others, 1946). 

An examination of some of these techniques 
revealed certain practical drawbacks. The methods 


of Stock and Heller, Stock and Cucuel, and Fraser 
all require electrolytic separation and are therefore 
too time-consuming for field use. The method 
described by Barnes proved insufficiently sensitive. 
Hypobromite solution as a trapping agent as des- 
cribed by Milton and Duffield, and by Buckell and 
others has proved less efficient than the acid 
permanganate of Kuziatina. 

The method described below is the outcome of 


‘the experimental work and field experience gained 


over the last six years. Its advantages are that it is 
quick and easily carried out under field conditions 
with standard laboratory apparatus. It uses the 
acid permanganate scrubbing solution of Kuziatina 
but determines the trapped mercury by extractive 
titration with standardized dithizone in chloroform 
instead of allowing the sample solution to stand 
with the reagent. Using an extractive titration, 
interference from copper is minimized. Barnes 
(1947) has shown that the speed of extraction of 
copper by dithizone in chloroform increases with 
increase of pH but is always much slower than that 
of mercury. AtapH of less than 2 copper is extracted 
only on prolonged shaking. Using carbon tetra- 
chloride the speed of extraction of copper is of the 
same order of that of mercury. The method is 
sensitive to mercurial dusts as well as to mercury 
vapour, and so for most purposes it is an improve- 
ment on the electronic mercury vapour detector. 
The titration gives the mercury content of the sample 
examined to the nearest microgram. The lower 
limit of the concentration that can be detected is 
governed by the volume of the sample taken. 


Method and Materials 


Principle.—A known volume of the atmosphere to be 
tested is sucked through a scrubbing bubbler containing 
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an acid permanganate solution. The permanganate is 
destroyed with oxalic acid and the mercury trapped in 
the solution is determined by a dithizone titration. 


Reagents.—The following reagents are used. 


Trapping Solution.—Potassium permanganate, 0-05, N 
in 5% sulphuric acid. 


Oxalic Acid Solution, 10%. 


Dithizone Stock Solution —The solution is made up 
of 50 mg. % in chloroform, and diluted 1 in 100 with 
chloroform before use. 


Standard Mercury  Solution—Mercuric _ chloride, 
0-06723 g., is made up to 100 ml. with glass-distilled 
water, and diluted 1 in 100 before use to give a solution 
containing 5 wg. mercury per ml. 


Apparatus.—Bubblers containing glass beads or the 
type with a sintered glass dis¢ on the inlet tube are equally 
satisfactory. The air is sucked through for a known 
time at a known flow rate. The flow rate may be 
governed by a critical orifice placed between the bubbler 
and the pump, or a flowmeter can be used and the 
suction from the pump regulated by means of a leak 
and a screw clip. 


Method.—The dilute dithizone solution is standardized 
against the standard mercury solution as follows: 
50 ml. of 5% sulphuric acid is placed in a separating 
funnel and 2 ml. of the dilute standard mercuric chloride 
solution is added; 1 ml. of the dithizone solution is 
run in from a burette and the funnel is shaken for 
30 seconds. The colour of the dithizone changes from 
green to orange. The chloroform layer is allowed to 
separate and drawn off, a further | ml. of dithizone is 
added, and the process repeated until there is no change 
in the dithizone colour. The amount of dithizone used 
is equivalent to 10 wg. of mercury and should be about 
10 ml. The dithizone solution must be kept in the dark 
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when it is not in use and must be standardized imme- 
diately before each set of determinations. 

There should be no mercury in any of the reagents, 
other than the standard. To check this, 20 ml. of the 
trapping solution is placed-in a beaker, 4 ml. of 10% 
oxalic acid solution is added, and the beaker warmed 
until the contents are colourless. The solution is cooled 
and transferred to a separating funnel and titrated with 
standardized dithizone solution. 

The bubbler is cleaned with nitric acid, well washed 
out, and rinsed with glass-distilled water. To make 
sure that the bubbler is clean 20 ml. of 5°, sulphuric 
acid is allowed to stand in it for half an hour, then 
rinsed out into a separating funnel and titrated with 
dithizone. If mercury is present the bubbler is cleaned 
again and the-process repeated. 

Trapping solution, 20 ml., is placed in the clean 
bubbler and a known volume of air is drawn through. 
The contents of the bubbler are washed out and 
decolorized with oxalic acid as described above, then 
made up to 250 ml. in a graduated flask and a suitable 
fraction taken for titration. 

Using 20 ml. of liquid in each of a series of three 
bubblers and a flow rate of 10 litres per minute, it was 
found in a set of six experiments that 96-2 to 98-5% of 
the mercury found was retained in the first bubbler. 
In three out of six experiments no mercury was found 
in the third bubbler. -Since wide variations are to be 
expected in factory atmosphere conditions only one 
bubbler was used in subsequent work. 
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Sixty-Second Meeting 


The 62nd meeting of the Association was held in 
Cowdray Hall, the Royal College of Nursing, 
Henrietta Place, London, on March 9, and at the 
National Hospital, Queen Square, on March 10. 

On the morning of March 9, papers were given 
on various subjects. The programme is given 
below :— 

‘** Modern Views on Sickness Absence Recording ” 
by Dr. P. A. B. Raffle, Medical Officer. 
The London Transport Executive; ‘“* Factors 
Influencing Sick Absence ” by Dr. Cecil G. Roberts, 
Chief Medical Officer, G.P.O. Medical Branch ; 
and ‘“* Sickness Statistics In the Factory’ by Dr. 
D. H. Paviere, Chief Medical Officer, the Ford 
Motor Co. 

In the afternoon papers on “ Industrial Teno- 
synovitis ” (see page 00) by Dr. A. R. Thompson, 
Chief Medical Officer, Vauxhall Motors Ltd., 
Luton, and on ‘“ Dupuytren’s Contracture in 
Dockers” by Dr. G. Buchanan, Medical Officer, 
National Dock Labour Board, Glasgow, were read. 
Dr. John A. Agate, late Assistant Physician, Depart- 
ment of Research and Industrial Medicine, Medical 
Research Council, concluded with “‘ Some Aspects 
of Injury Resulting frem the Use of Vibratory 
Tools ”. 

In the evening a dinner was held at St. Ermin’s 
Hotel, at which the principal guests were Judge 
Dale and Lord Amulree. 

A demonstration of neurological cases was given 
at the National Hospital, Queen Square, by Dr. 
Macdonald Critchley, on March 10. 


London Group 
Chairman : Dr. L. J. Haydon, 
British Railways, Southern Region, 
London Bridge Station, S.E.1. 
Hon. Secretary : Dr. R. E. W. Fisher, 
South Eastern Gas Board, 
Chief Medical Officer, 
589, Old Kent Road, S.E.15. 
A meeting was held in the restaurant at Waterloo 
Station on February 1, at which 126 members and 
guests were present. The meeting took the form of 


* Full accounts of some of the papers read are given in the 
** Transactions of the Association of Industrial Medical Officers”’. 


PROCEEDINGS OF THE ASSOCIATION OF INDUSTRIAL 
MEDICAL OFFICERS* 


183 


a discussion on ‘‘ What Do I Think is the Purpose 
and Value of Medicine in Industry ?”. 

The intention of the meeting was that very short 
set speeches should be made. The discussion was 
opened by six invited speakers, and afterwards was 
open to the meeting. 

The invited speakers were Miss B. A. Godwin, 
Assistant General Secretary, Clerical and Admini- 
strative Workers’ Union; Mr. H. Briggs, Labour 
Relations Officer, Lever Brothers and Unilever ; 
Mr. R. A. Hayward, Assistant Secretary, Union of 
Post Office Workers; Mr. W. Isaac, Chairman, 
Staff Side, Sectional Council No. 2, Southern 
Region, British Railways ; Mr. J. Marsh, Director, 
Industrial Welfare Society ; and Mr. L. J. C. Wood, 
Director, Messrs. Bell’s Asbestos and Engineering 
Limited. 

On November 30, the Group held a dinner 
meeting at the Eccleston Hotel, when 102 members 
and guests were present. 

Dr. Andrew Topping, the Dean of the School of 
Hygiene and Tropical Medicine, spoke on the theme 
‘“*Is Industrial Medicine Necessary?”’’. Dr. R. E. 
Lawrence, physician to King’s College Hospital, 
spoke on “ The Diabetic in Industry ”’. 

Dr. Topping’s address resulted in considerable 
discussion ; in particular, his proposal that industrial 
medicine should largely be taken over by the 
general practitioner, his suggestion that it should 
come under the wing of the medical officer of health, 
and his championship of a salaried medical service, 
all were criticized by a number of speakers. 


Birmingham Group 


Chairman : Dr. W. Jeaffreson Lloyd, 
Medical Department, 
Guest Keen & Nettlefolds Ltd., 
Heath Street, Birmingham. 


Hon. Secretary : Dr. J. G. Lawson, 
Messrs. Joseph Lucas Ltd., 
Great King Street, Birmingham. 


The group visited the Nechells Gas Works. 
A number of local general practitioners also joined 
the party. A working model of a coal gas plant 
was first shown, and Mr. Hawthorne, Chief Gas 
Engineer, gave a talk on gas manufacture, illustrated 
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by an excellent film. Dr. F. H. Tyrer reviewed the 
health problems in the gas industry. 

The party toured the works in small groups 
under senior members of management, and all 
stages of the manufacture of coal gas, producer gas, 
and water gas were seen, and particularly interesting 
were the processes for extraction and reclaiming of 
by-products, coke, tar, sulphur, and ammonia. 


Tees-side Group 


Chairman : Dr. W. Gillies Annan, 
41, Cleveland Road, 
Darlington, Co. Durham. 


Hon. Secretary : Dr. H. Somerville, 
N.C.B. Northern Division, No. 4 Area, 
Howlish Offices, 

Coundon, Bishop Auckland, Co. Durham. 


Dr. J. Stewart Gourlay, ophthalmologist, North 
Riding Hospital, Middlesbrough, spoke on “* Oph- 
thalmology in Industry’ at the 42nd meeting on 
March 7, 1951. 

Dr. Gourlay said that Sorsby had described 
ophthalmology as a branch of genetics. Recent 
simple analysis of the 75,000 blind persons in 
Great Britain today showed cataract as the leading 
cause (25%), followed by glaucoma, myopia, and 
heredo-familial defects. Pantocaine 1% (ametho- 
caine, pontocaine) was to be preferred to cocaine 
for surface anaesthesia in the removal of foreign 
bodies, as it is more rapid in action and less harmful 
to the corneal epithelium. The frequent use of 
penicillin drops in low concentrations was deplored. 
This practice leads to resistant strains, which are 
being increasingly encountered. The strength recom- 
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mended was 10,000 Oxford units per ml., a strength 
which could cope with large cell viruses. Corneal 
ulcers responded to subconjunctival penicillin (1 
mega in adrenalin and water) ; if a Gram-negative 
organism was responsible, then 5 g. streptomycin 
was similarly given. 

Alkali burns demanded immediate irrigation. 
It was shown in America that buffer solutions were 
in no way preferable to normal saline. After 
thorough irrigation, all staining corneal epithelium 
was removed, and areas of conjunctiva which 
stained with fluorescine were grafted with amniotic 
membrane. 


Yorkshire Group 
Chairman : Dr. C. Cresdee, 


L.C.I. Ltd., Dyestuffs Division, 
Huddersfield. 


Hon. Secretary : Dr. B. P. R. Hartley, 


Samuel Fox & Co. Ltd., 
Stocksbridge Works, Nr. Sheffield. 


A meeting was held on December 14, 1950, when 
members were the guests of the management of 
I.C.I. Ltd., Huddersfield, and of Dr. C. Cresdee. 
G. B. Jones, Esq., J.P., general works manager, 
gave an interesting talk on the dyestuffs industry. 
This was followed by a short business meeting. 

A further meeting was held on February 1, 1951, 
at the Government Training Centre, Leeds. Mem- 
bers were taken on a short tour of the Industrial 
Rehabilitation Unit by Dr. W. N. Crowe, the 
medical officer. The business meeting, which 
followed, was largely concerned with the programme 
for the 1951 annual provincial meeting in Sheffield. 
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The Social Consequences of Pneumoconiosis Among 
Coal Miners in South Wales. By P. Hugh-Jones and 
C. M. Fletcher. 1951. Medical Research Council 
Memorandum. No. 25. London: His Majesty’s 
Stationery Office. 4 figs., 10 tables, 16 refs. Pp. vi + 
54. Price. 1s. 9d. 


Until 1933 the yearly number of certificates issued to 
miners in Britain on account of respiratory dust disease 
was less than 100. Partly owing to alterations in legisla- 
tion dealing with workmen’s compensation, partly 
because of a real increase in the incidence, the number of 
certifications has risen greatly since then, reaching a 
peak of 5,754 in 1945. Of that number 5,180 were 
issued to men in the South Wales coalfield. From the 
beginning of 1931 until the middle of 1948 over 22,000 
new cases of pneumoconiosis of miners were certified 
in the whole country, and of these 19,000 were in South 
Wales. As the number of coal miners in South Wales 
is only about a sixth of all British coal miners, the 
incidence there is about 40 times greater than in the rest 
of the country. This excessive incidence, still largely 
unexplained, has led to the development of important 
sociological problems. These, as well as the purely 
medical aspects of the disease have been studied by the 
Pneumoconiosis Research Unit of which the authors 
are members, Dr. Fletcher being its Director. 

It is estimated that the number of certified men alive 
today in the South Wales area is 16,000 and of these, 
5,000 are known to be unemployed. The effects are 
felt by the individual and by the community. The 
affected man suffers an impairment in his general health, 
with consequent curtailment of his ability to work and 
his freedom to enjoy leisure. The loss of employment 
means considerable loss of income, and there are often 
serious psychological effects. The coal mining industry 
suffers a loss of skilled workers, added to which are the 
costs of paying compensation, unemployment benefit, 
and the maintenance of government departments for these 
and other functions. 

The Memorandum contains a chapter giving statistical 
information, and another containing 12 case histories 
of patients chosen to represent different facets of the 
social problem. In addition, there are three useful 
appendices. The first gives a description of pneumo- 
coniosis, principally for those who do not know much 
about the disease ; the second, entitled ‘“* Administrative 
Aspects of Coalworkers’ Pneumoconiosis”’, deals with 
the different compensation schemes and their working. 
Appendix III gives some results of two hitherto unpub- 
lished sampling enquiries, one by H.M. Social Survey 
in 1945, and the other a report by Doig and Hillier to the 
National Joint Pneumoconiosis Committee in 1947. 
It includes information about various matters such as 
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age distribution, degrees of disability, reasons for leaving 
jobs, and travelling difficulties. 

The authors emphasize that the greatest need of these 
disabled men is suitable work. They quote evidence 
showing that some 75% of the unemployed pneumo- 
coniosis cases are fit for medium or light work under 
ordinary conditions of employment, and this figure is 
even higher if men fit for sedentary work are included. 
Unfortunately the obstacles in the way of these men 
finding suitable employment are serious. Until recent 
years, little alternative work was available, and much 
of that was unsuitable. Even now that a variety of 
industries have been introduced into the district, the 
difficulties are still formidable in view of physical dis- 
ability, age, the geographical configuration of the 
district, and other factors such as the reluctance of 
employers to engage men with a potentially serious 
disease. Even their sex was a disadvantage to them in 
the competition for light work against cheaper female 
labour. Administrative efforts to improve conditions 
and reduce unemployment are mentioned, with reasons 
for their partial failure. . 

The authors expect that eventually there will be a 
lessening of the incidence of the disease owing to 
improved methods of dust suppression, and also a 
decrease in the numbers leaving the industry as men 
with pneumoconiosis are now permitted, subject to 
conditions, to continue to work in the mines. For some 
years, however, the number of unemployed pneumo- 
coniotic miners is likely to remain constant and the 
social and economic problem will continue to be one of 
the same magnitude. 

Apart from advocating the provision of suitable work, 
the authors make only one recommendation : that there 
be instituted an adequate follow-up system for certified 
men. The report being almost entirely concerned with 
presenting the facts, one experiences disappointment at 
not being given some constructive proposals for a solu- 
tion of the grave problem which is outlined. Rightly 
or wrongly, the authors do not consider this their 
responsibility. Nevertheless they are to be congratulated 
on placing on record their observations of the great 
social evil that exists in this comparatively circumscribed 
community. A. T. DoiGc 


Chronic Carbon Monoxide Poisoning. By Aage Grut. 
1949.. Copenhagen: Ejner Munksgaard. Pp. 229. 
Price. Dan. Cr. 12. 


This book contains a mass of data on the subject of 
chronic carbon monoxide poisoning, and presents the 
conclusions of a great deal of careful, painstaking work. 
It begins with a discussion of the definition of chronic 
carbon monoxide poisoning, and indeed with a summary 
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of the controversy which has raged over the existence 
of such a clinical entity. 

The author defines the condition as ‘‘a syndrome 
developing in a characteristic manner following moderate 
exposure to carbon monoxide for some length of time”. 
A patient giving a history of severe acute poisoning is 
thus excluded, and a distinction made between chronic 
poisoning and the sequelae of acute poisoning. 

Attention is devoted to methods of detecting and 
determining carbon monoxide in air and in blood, and 
many differing methods are critically discussed. The 
author puts forward a colorimetric method for the 
determination of carbon monoxide in blood, developed 
by himself, as a satisfactory field method. 

The factors governing the rates of absorption and of 
elimination of carbon monoxide are considered in some 
detail, with references to the more important original 
papers in this field. 

Some new data are presented regarding the “* normal ”’ 
proportion of circulating haemoglobin found combined 
with carbon monoxide in individuals not subjected to 
industrial carbon monoxide hazards. The proportion 
of haemoglobin thus combined was found to be higher 
in winter than in summer, and at any season higher 
amongst smokers than amongst non-smokers. 

The symptoms of acute poisoning are described and 
discussed in some detail, together with data on the 
incidence of each symptom in the series of cases investi- 
gated by the author. 

The greater part of the book, however, is devoted to 
a detailed description and analysis of the author’s series 
of cases of chronic poisoning, comprising a group of 
factory workers examined during the period 1941 to 
1947, and a group of drivers of cars or vans using 
producer gas as fuel, who were examined during the 
years 1943 and 1944. Seven hundred and twenty-nine 
drivers answered a questionnaire, and on the basis 
of the information thus obtained 151 men were 
selected who reported symptoms suggestive of chronic 
poisoning. These men were interviewed, and 100 
of them were clinically examined. The commonest 
symptoms were headache, insomnia, fatigue and irrit- 
ability, dyspnoea on exertion, and digestive disturbances. 
The initial symptoms of chronic poisoning usually did 
not appear until two to three months after the beginning 
of the exposure to carbon monoxide. Heavy smoking 
did not appear to increase the risk of chronic poisoning 
despite the increased proportion of haemoglobin com- 
bined with carbon monoxide. It is not clear, however, 
whether heavy smokers exposed to the same air con- 
centration of carbon monoxide as non-smokers, did in 
fact, exhibit a greater proportion of carboxyhaemoglobin 
at the end of a day’s exposure than did the non-smokers. 

In addition to this large group of drivers of cars 
fueled by producer gas, a small number of garage 
mechanics, traffic officers, and tunnel and locomotive 
shed workers were examined. There was a considerable 
incidence of chronic poisoning in some of these groups, 
specially among the producer gas mechanics and the 
tunnel and locomotive shed workers. Foundry workers 
showed a low incidence of chronic carbon monoxide 
poisoning, but amongst boilermen and welders no cases 
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were found. Men and women employed in the produc- 
tion of coal gas, or who used appliances operated by 
gas, showed a considerable incidence of chronic carbon 
monoxide poisoning. 

Work involving intermittent brief exposures to con- 
siderable proportions of carbon monoxide, as in cleaning 
the producer gas equipment of cars, did not result in 
chronic poisoning. 

Symptoms of chronic poisoning persisted for two to 
four weeks after removal from the source of carbon 
monoxide when poisoning was mild, and for one to 
three months when it was severe. After this period 
recovery was complete. 

The author considers that human experiments and 
clinical findings provide no evidence of acclimatization 
to carbon monoxide. Considerable variation was 
observed in the proportion of carboxyhaemoglobin in 
the blood at which symptoms appeared, but individuals 
more susceptible in this sense did not appear to be more 
liable to chronic poisoning. 

E. M. KILLICK 


Industrial and Safety Problems of Nuclear Techno- 
logy. Edited by Morris H. Shamos and Sydney G. Roth. 
1950. London: Hamish Hamilton ; New York : Harper 
Bros. Pp. 368. Price 28s. 


This book is a further. addition to the steadily increas- 
ing number of volumes on atomic energy from the 
American point of view. It consists of 18 articles 
delivered by American experts to a gathering of American 
industrialists, scientists, engineers, sanitary engineers, 
and insurance company officials, at a conference held 
in New York in January, 1950. 

The articles deal with four subjects : (1) the policies, 
development work, collaboration with industry, and 
patents procedures of the United States Atomic Energy 
Commission ; (2) radiochemistry and isotopes; (3) 
layout and design of the radiochemical laboratory, 
instrumentation, planning of isotope ‘tracer ’’ experi- 
ments ; and (4) hazards, safety, and insurance. 

This is clearly a wide range of subject matter, and the 
book suffers the natural fault of having only restricted 
space. Nevertheless, there are many parts which 
should prove of great interest to industrial medical 
officers, particularly those who are now or may be called 
upon to supervise the health of persons handling radio- 
active substances. Several of the articles are well and 
concisely written, and many of the principles expounded, 
for example on hazard control, are refreshingly apt 
for any industry. The book is educational in at least 
two other senses; it does describe, possibly uninten- 
tionally, the vast effort in America on the technology 
of civilian atomic energy usage, and it provides a highly 
readable account of what an abrupt increase in scientific 
knowledge we are likely to see from the use of radio- 
active isotopes as tracers in medical, chemical, physical, 
metallurgical, and agricultural problems. The book 
is well produced, and diagrams, tables, and photographs 
illustrate the text. Some parts of the book are clearly 
applicable only to America ; the title, although possibly 
suitable for the conference, is not very apt for the 
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published version, and there is virtually no reference to 
the important subject of nuclear energy as a source of 
power for industry, for transportation, or eventually 
for the whole community. Nevertheless, this book 
should be in the possession of industrial medical officers 
directly concerned with radioactive substances, and could 
well be seen by others wishing to keep abreast of modern 
developments in industrial methods and attendant 
occupational health problems. E. F. Epson 


Notes on the Diagnosis of Occupational Diseases 
Prescribed under the National Insurance (Industrial 
Injuries) Act, 1946. From the Ministry of National 
Insurance. 1950. London: His Majesty’s Stationery 
Office. Pp. 52. Price 1s. 6d. 


This is an interesting and modest little book in which 
every doctor will find much valuable information. It has 
no pretensions to being exhaustive, but within its scope 
of the scheduled occupational diseases it is unique. 
It suffers from the evils and advantages of condensation, 
and also unavoidably from the method of presentation 
which, as it must discuss each individual disease separ- 
ately, does not allow of a grouping of these diseases. 
Nor does it stress the relative importance of the diseases 
described. In its original form it was designed to give 
guidance to those medical practitioners who were asked 
by the Ministry of National Insurance to examine and re- 
port on claimants to benefit under the National Insurance 
(Industrial Injuries) Act. Now that it has been made 
available to a wider public it might have been more 
successfully adapted. Such phiases, for example, 
as ‘‘a claimant for benefit in respect of this disease 
will be referred to an ophthalmologist for examination ” 
could easily have been omitted without impairing the 
value of the book. Although there is evidence of 
correction from the first edition, it is unfortunate that 
certain mis-spellings have been perpetuated. 

Apart from such criticisms, the book shows ample 
evidence of an intimate knowledge of industry on the 
part of the author or authors, and certain subjects— 
notably those on “poisoning by a nitro or amido 
derivative of benzene or of a homologue of benzene” 
and ‘* nitrous fumes ’’, are treated more efficiently than 
in many textbooks. This book is undoubtedly worth 
having. R. MURRAY 


Microdiffusion Analysis and Volumetric Error. By 
Edward J. Conway. 1951. London: Crosby Lock- 
wood and Sons, Ltd. 3rd edit., revised. 66 plates. 
Pp. 391. Price 25s. 


The number of publications dealing with analytical 
problems, like the literature in other fields of science, 
is increasing at a phenomenal rate. A considerable 
proportion of journals, and particularly biochemical 
journals, is devoted to a description of methods, many 
which have not been adequately tried out. It is, there- 
fore, most helpful and perhaps should be considered 
essential that any textbook on analytical methods should 
not only bring newer methods to the notice of the reader, 
but should also carry the author’s guarantee that these 
methods. work. The book under review fulfils this 
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requirement admirably ; the techniques have been well 
tried out and are described with all the details necessary 
for the successful use of the particular method. The 
theoretical aspects of microdiffusion techniques are 
thoroughly dealt with, thus enabling the research worker, 
wishing to develop a method, to obtain the necessary 
theoretical background. In a few instances one feels 
the detail is rather overdone. For instance, on page 154, 
it is not necessary to give in detail two methods for the 
preparation of urease. On pages 105-6 two methods 
for the determination of ammonia using the phenate- 
hypochlorite reagent are given with little indication which 
is the more reliable. The chapter on colorimetry might 
well have been omitted ; there are many books on this 
subject. 

An aspect of microdiffusion which does not appear 
to have been sufficiently emphasized is the separation 
of substances from complex biological material. The 
reviewer was recently made aware of the possibilities 
of this technique when it was found possible to deter- 
mine dimethylamine in liver homogenate after four 
hours incubation ; this had proved almost impossible 
when using conventional protein precipitation techniques. 

The section on volumetric error is a model of the way 
in which errors in analytical practice can and should 
be sorted out. 

This book should be available in every biochemical 
laboratory ; for the routine pathological laboratory, 
methods are described which will allow a reliable and 
rapid routine to be worked out ; for the research worker, 
microdiffusion is one more tool to help to solve his own 
peculiar problems. W. N. ALDRIDGE 


The Day Hospital—An Experiment in Social Psychiatry 
and Syntho-Analytic Psychotherapy. By Joshua Bierer. 
1951. London: H.K. Lewis & Co. Pp. 56. Price 6s. 


Many industrial medical officers must have felt the 
need for some such unit as that described here, where 
a patient could not only receive the benefits of expert 
psychiatric consultation, but also many of the amenities 
of a well-equipped mental hospital without the addi- 
tional complications of segregation from the patient’s 
domestic, working and social milieu. This whole field 
is still relatively new and such an experiment must be 
welcomed. 

The ** Social Psychotherapy Centre ”’ is included in the 
North West Metropolitan Region of the National 
Health Service, and its aim is to provide an answer io 
the limitations of the existing treatment centres for 
psychiatry whether they are out-patient departments or 
hospitals. The methods of treatment available include 
individual and group psychotherapy ; physical, occupa- 
tional and recreational therapy ; psychodrama, art and 
social club therapy. Patients dealt with have been 
psychotic (discharged from mental hospital, leucoto- 
mised), neurotic (unable to work, acute forms of neurosis, 
requiring re-adaptation and after-treatment), and 
delinquent (on probation, discharged prisoners requiring 
psychotherapy). Case histories illustrating all these 
categories are given and make interesting reading. 

Having dealt with practice, the author goes on to 
propound rather speculative theories. He considers 
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the *‘ day hospital ” as “ part, or the forerunner, of an 
era which may be called tentatively the era of social 
psychiatry and syntho-analytic psychotherapy’. As 
if all psychiatry were not by its very nature “ social ’’, 
and psychotherapy not both analytic and synthetic in its 
techniques and objectives ! Social psychiatry is defined 
as the science which aims at the prevention and treat- 
ment of the suffering and poorly integrated individual 
or group in its universal setting, the latter implying all 
causes, including those of environment and relationship 
on the one hand, and constitution and physiology on 
the other. 

There is much to be gained from the rest of the 
pamphlet and, in particular, insight into some of the 
newer “social” techniques for the treatment and 
rehabilitation of persons suffering from psychological 
handicaps. The challenge of the problem is immense, 
and one must admire every new approach—conven- 
tional or otherwise. Morris MARKOWE 


The Principles and Practices of Rehabilitation. Edited 
by Henry K. Kessler. 1950. Philadelphia: Lea and 
Febriger. 132 illus. Pp. 448. Price $9. 


This book is divided into two parts, ‘‘ Principles ”’ 
and “ Practice”, a division which does not improve 
it as the subject matter in part II has already been covered 
in many places in part I. The chapters on the various 
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considerations and physical restoration, by the editor, 
are both very good. 

** Rehabilitation with Plastic Surgery ”’ is well covered 
by James Barrett Brown and Minot Fryer. ‘* Physical 
Therapy in Rehabilitation ’’ by Richard Kovacs, covers 
the problem, but this chapter and that on “ Physical 
Conditioning” by Donald A. Covalt could have been 
under one heading. There is too much emphasis on 
passive therapy and not enough on active physical 
exercises in a well-graded programme. The description 
of a rehabilitation centre does not help the British 
medical officer who wants to know what these centres 
can accomplish in the way of restoring the disabled. 
The chapter on occupational therapy is good, but it does 
not explain the developments, which in this country 
have been pioneered by Austins, Vauxhall Motors Ltd., 
and the Luton and Dunstable Hospital, and embody the 
use of the machines of industry to produce the necessary 
remedial exercises for restoration of function. 

The book is well produced and illustrated and will be 
read with interest by all those who are practising 
rehabilitation. It is full of information, but the repeti- 
tive style does not give a clear picture of the problem as 
a whole. 

The medical rehabilitation centres and the industrial 
rehabilitation units of the Ministry of Labour and other 
organizations in this country, are more advanced in their 
concept of rehabilitation than any organization described 
in this symposium. C. J. S. O’MALLEY 
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This section of the JOURNAL is published in collaboration with the two abstracting Journals, Abstracts of World Medicine, and Abstracts of World 
Surgery, Obstetrics, and Gynaecology, published by the British Medical Association. The abstracts are divided into the following sections : 
toxicology ; industrial physiology ; industrial lung disease ; industrial skin diseases ; accidents and orthopaedic surgery ; industrial ophthalmology ; 

environment ; general. Not all sections will necessarily be represented in any one issue) 


INDUSTRIAL TOXICOLOGY 


Experimental Ethylene Oxide Human Skin Injuries. 
SExTON, R. J., and HENson, E.V. (1950). Arch. industr. 
Hyg. occup. Med., 2, 549. 


Some recent experimental work dealing with the 
action on the human skin of concentrated ethylene oxide 
and various aqueous dilutions is described in detail. 
Although previous workers had recorded difficulty in 
producing skin damage with this substance, it had been 
noticed that where the concentrate or dilute solutions 
were kept in close contact with the skin by shoes, gloves, 
and other articles of clothing, burns had resulted. The 
ideal conditions for the production of such burns seemed 
to be intimate skin contact accompanied by some 
impediment to evaporation. Special attention has been 
given to a description of experimental technique, the 
charting of the time-concentration relationship, the 
clinical course of a typical burn, and _ sensitivity 
phenomena. 

In describing the ethylene oxide burn, the authors 
point out that it differs in some respects from that 
produced by thermal or ordinary chemical agents, in that 
there is a latent period before erythema and vesiculation 
occur, that there is large bleb formation, and that, in 
the later stages, desquamation and pigmentation result. 
In fact the burns closely resemble those produced by 
mustard gas. The accepted end-point in these experi- 
ments was a minimal secondary degree burn shown as 
vesiculation on an erythematous base. It was clearly 
shown that 50% concentrations of ethylene oxide were 
the most harmful to the human skin. More concentrated 
solutions prevent efficient skin absorption. During the 
course of the experiments, out of a total of 8 subjects 
3 became sensitized, and uniformity in the incubation 
period was observed. The possible factors governing 
sensitization are briefly discussed. 

The authors also observed the effect of spraying the 
skin with ethylene oxide followed by rapid evaporation ; 
it was found that a freezing reaction resulted similar to 
that produced by ethyl chloride. A. Thelwall Jones. 


Comparative Toxicity of Five Glycerol Ethers. HINE, 
C. H., Logs, P., and ANDERSON, H. H. (1950). Arch. 
industr. Hyg. occup. Med., 2, 574. 


Recently, increased interest has been focused on the 
glycerol ethers because of their potential industrial 
application as solvents, plasticizers, surface-active agents, 
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and stabilizers. A review of the literature gave little 
information about the toxicity of these substances and 
the authors therefore carried out a series of animal 
experiments to assess the pharmacological actions of 
certain members of the glycerol ether group. 

Five of the glycerol ethers were investigated—namely, 
«-ethyl, «-isopropyl, «-allyl, «-phenyl, and«,y-diisopropyl. 
A comparative table of the chemical and physical 
properties is shown. None of the ethers produced 
any significant mortality in mice exposed to air saturated 
with their vapours for long periods. In hamsters 
thoroughly wetted with each of the ethers by means of a 
fine spray, no pharmacological action was observed. All 
five ethers were found to be practically non-toxic with 
respect to their percutaneous absorption, and are devoid 
of any serious damaging effects to the intact skin. 
Instillation into the eyes of rabbits failed to produce 
evidence of corneal ulceration with any of the agents. 
The «-ethyl and «-isopropyl derivatives were considered 
almost non-toxic after ingestion, the «-allyl, «-phenyl, 
and «, y-diisopropyl falling into the slightly toxic class. 

The authors conclude that, apart from accidental 
ingestion, the glycerol ethers are unlikely to cause 
poisoning through normal industrial application. 

A, Thelwall Jones. 


Effect of Exposure to the Vapors of Tetrabromoecthane 
(Acetylene Tetrabromide): an Experimental Study. 
Gray, M. G. (1950). Arch. industr. Hyg. occup. Med., 
2, 407. 


Tetrabromoethane has a specific gravity of 2:94 to 
2:97 at 25° C., boils at 119° C. (15 mm. Hg), and de- 
composes above 242° C. These characteristics together 
with its chemical stability have led to its use as a substitute 
for mercury in gauges and balancing equipment. In- 
consistencies in the literature suggested that a full investi- 
gation of the toxicity of tetrabromoethane was necessary. 

Doses ranging from 0-25 to 0:5 g. per kg. of body 
weight were administered by stomach tube to guinea-pigs 
and rabbits. The LD 50 for both species was found to 
be 0-4 g. per kg. In the animals which died there was a 
latent period of 12 to 24 hours before symptoms of 
narcosis appeared and death cccurred in 2 to 4 days 
after a period of coma. At necropsy the liver and 
kidneys were pale, and the lungs showed haemorrhagic 
changes. Inhalation experiments were carried out in a 
gas chamber of 1 cubic yard (0-764 litre) capacity under 
controlled conditions of temperature and humidity. 


190 BRITISH JOURNAL OF INDUSTRIAL MEDICINE 


Tetrabromoethane was poured into a tray at the bottom 
of the chamber under a wire-mesh floor, and the vapour 
arising was circulated by an electric fan, a raugh check 
being made to verify that the atmosphere within the 
chamber was saturated with vapour. The oxygen 
content of the chamber was shown to be sufficient for 
normal respiration during the period of the experiment. 
Rabbits, rats, and guinea-pigs showed no ill effects after 
a single exposure of 2 hours, apart from some respiratory 
irritation, but 2 to 3 hours’ exposure resulted in ataxia 
and unconsciousness. After removal from the chamber 
the rabbits and rats recovered in 24 hours. The guinea- 
pigs, however, died within 1 to 5 days and necropsy 
showed fatty changes in the liver and kidneys. Necropsy 
of the surviving animals. showed no such changes. 
Guinea-pigs, mice, and rats were exposed to saturated 
atmospheres of tetrabromoethane for 15 minutes daily 
for 47 to 92 days. (Rabbits obtained an additional 
oral dose by licking the condensed vapour from the sides 
of the cage and for this reason were eliminated after the 
first experiments.) No ill-effects were observed either 
during or after exposure, and no cumulative effect was 
discovered. 

On decomposition tetrabromoethane forms bromine, 
hydrobromic acid, and other products. Exposure to 
these decomposition products was fatal to rats and 
rabbits. A saturated atmosphere of tetrabromoethane 
was shown to be less toxic than 2:25% by volume of 
methyl chloride. W. K. S. Moore. 


Comparative Acute and Subacute Toxicities of Allethrin 
and Pyrethrins. CARPENTER, C. P., Wei, C. S., 
PozzaANi, U. C., and Smytu, H. F. (1950). Arch. 
industr. Hyg. occup. Med., 2, 420. 


Allethrin is the allyl homologue of cinerin I and 
possesses insecticidal properties comparable with those of 
the natural pyrethrins. Toxicity tests were carried out 
with aerosol bombs containing 1% of the insecticide 
under test, 9%, peanut oil, and 90%, ‘“‘ freon 12 ” (propel- 
lant). In control bombs the insecticide was omitted. 
Exposures lasted 30 minutes and were carried out in 
chambers of 20 c. ft. (0-566 c. m.) capacity, concentrations 
in the region of 50 g. of aerosol mixture per 1,000 c. ft. 
(1-768 g. per litre) being used, this being about 10 times 
the concentration used in treating aircraft. 

No ill effects were noticed when rats were exposed for 
85 periods of 30 minutes in 67 days to laboratory pro- 
duced allethrin, commercial allethrin, pyrethrum, or the 
control peanut-oil aerosols. Dogs were also unaffected 
after receiving 40 exposures during 26 days. When the 
aerosol concentration in the chamber was increased to 
between 16,700 and 18,500 g. per 1,000 c. ft. (590 to 
654 g. per litre) and rats exposed for 30 minutes there 
were still no ill effects. The use of a nebulizer allowed 
the concentration to be increased still further. One out 
of 10 rats died after being exposed to a concentration of 
19 mg. of commercial allethrin per litre for 2 hours, while 
4 out of 10 died after 4 hours’ exposure to a concentration 
of 13-8 mg. per litre. The main pathological findings in 
these animals was cloudy swelling in the liver and renal 
tubules. The acute oral LD 50 for rats of both com- 
mercial allethrin and pyrethrin was found to be about 


1 g. per kg. Allethrin was found to be non-irritant to 
the cornea, and practically non-irritant to the skin of 
rabbits. Skin sensitization could not be produced. 

In general, therefore, commercial allethrin was found 
to be of the same order of toxicity as the pyrethrins, and 
could be used just as safely as an insecticide in sprays and 
aerosols. W. K. S. Moore. 


Chronic Oral Toxicities of Mercuri-phenyl and Mercuric 
Salts. FirzHuGH, O. G., Neson, A. A., Laua, E. P., 
and Kunzg, F. M. (1950). Arch. industr. Hyg. occup. 
Med., 2, 433. 

Phenylmercuric acetate and mercuric acetate were 
added to a basic diet to give concentrations of 0-1, 0-5, 
2:5, 10, 40, and 160 p.p.m. of mercury and groups of at 
least 20 rats were fed on each of the resultant diets, two 
control groups being given the basic diet alone. Apart 
from 2 animals from each group which were killed after 
one year, all the rats continued on their allotted diet 
for the full life-span. The additions to the basic diet did 
not affect the food consumption of any group, but there 
was depression of growth in all rats receiving more than 
40 p.p.m. of mercury as phenylmercuric acetate, while in 
the males, which were more susceptible, this depression 
occurred even with 10 p.p.m. Méercuric acetate had little 
effect on growth even at concentrations of 160 p.p.m. 
of mercury. The kidneys were significantly enlarged 
after ingestion of 40 and 160 p.p.m. of mercury in either 
form, the liver being slightly heavier than in the controls, 
though not significantly so, at the same dosage levels. 
Chemical analysis of these organs showed that consider- 
ably more phenyimercuric acetate was stored than 
mercuric acetate (estimated as mercury). The content 
of mercury in the urine after the ingestion of the organic 
salt was also very much higher than in the case of mercuric 
acetate. It is concluded that the former is absorbed 
more rapidly from the intestine than the latter. 

At necropsy the gross changes associated with ingestion 
of mercury were granularity, fibrosis, and enlargement of 
the kidney, pallor of the viscera, and hair balls in the 
stomach. The renal changes occurred in all groups, 
including the controls, but were most marked in the 
animals which had received phenylmercuric acetate, and 
least in the control group. The principal microscopic 
lesion observed in the kidneys was dilatation and cyst 
and cast formation in the proximal convoluted tubule, 
with secondary fibrosis. It was noticed that the same 
type of change occurred in all groups of rats, but the 
damage was most marked where the organic salt had been 
given, less marked after the inorganic salt, and least in the 
controls. It appeared that ingestion of mercury merely 
hasttned a normal degeneration process. 

[The strain of rat used is not mentioned, and no 
reference is made to previous observations of the renal 
changes described as occurring in the control groups.] 

W. K. S. Moore. 


Toxicity of Sulfuric Acid Mist. TREON, J. F., Dutra, 
F. R., Cappet, J., SIGMON, H., and YOUNKER, W. 
(1950). Arch. industr. Hyg. occup. Med., 2, 716. 
In an endeavour to investigate the physiologica} 

effects of air containing droplets of sulphuric acid, 
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several species of animals were exposed to mists of 
sulphuric acid produced by a nebulizer in a gas chamber. 
The particle size of the mists was between 1 and 2 yu. 
The concentration of sulphate in the chamber and 
the periods of exposure were varied independently. 

The results showed that guinea-pigs were the most 
sensitive animals used, being killed by a concentration 
of 0-087 mg. of sulphuric acid per litre, while rats, 
rabbits, and mice survived a period of 2:75 hours at this 
concentration. Rats and rabbits were less affected than 
mice, 0-699 mg. per litre for 7 hours being necessary 
to kill rats, whereas rabbits survived even higher con- 
centrations. The principal pathological features were 
degenerative changes in the epithelium of trachea and 
bronchi, while the lungs showed hyperaemia, oedema, 
extravasation of blood, atelectasis, and emphysema. In 
general, the changes were more marked when higher 
concentrations had been administered. 

Guinea-pigs were found to be more susceptible to 
mists of sulphuric acid than to mists of hydrogen 
chloride or fluoride. Rabbits, on the other hand, 
appeared to be equally affected by all three agents. 

W. K. S. Moore. 


Acute Pulmonary Complications following Inhalation of 
Chromic Acid Mist. Preliminary Observations of Two 
Patients Who Inhaled Massive Amounts of Chromic 
Acid. Meyers, J. B. (1950). Arch. industr. Hyg. occup. 
Med., 2, 742. 


The literature on the chronic respiratory effects of 
chromic acid mist is briefly reviewed and 2 cases of acute 
poisoning following exposure to high concentrations of 
chromic acid mist, produced by boiling vats of a solution 
of the acid, are described. One of the patients was 
affected to a lesser degree than the other, but both 
developed pulmonary lesions, characterized by cough 
with purulent sputum, dyspnoea, and more or less severe 
chest pain persisting to the time this paper was written 
(about 18 months). Other features were anorexia, 
pyrexia, and temporary loss of weight. The radiological 
and bronchoscopic signs were insignificant. Perforation 
of the nasal septum and chrome ulceration of the skin 
were absent. W. K. S. Moore. 


Pathological Histology of Acute Benzene Poisoning. 
Observations on Primary Lipoid Formation in the 
Brain. KLEIN, H. (1950). Dtsch. Z. ges. gerichtl. Med., 
40, 76. 


A case of fatal benzene poisoning following accidental 
ingestion is described. Pathologically the condition is 
characterized by congestion and haemorrhagic oedema 
of the lungs, fatty degeneration of voluntary muscles, 
dissociation, pericapillary oedema and fatty degeneration 
of the liver, and fatty degeneration of the convoluted 
tubules of the kidney. The brain and spinal cord show a 
generalized fatty degeneration of ganglion and glia cells, 
associated with fatty infiltration of the endothelial cells 
of their blood vessels, accompanied by perivascular 
oedema. No degeneration of myelin sheaths was ob- 
served. After 24 hours benzene poisoning could no 
longer be demonstrated chemically. R. Salm. 
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Successful Treatment of Cyanide Poisoning. HARTELIUs, 
H. (1950). Nord. Med., 44, 1747. 


A case of acute cyanide poisoning is described. The 
patient had swallowed 4 grammes of sodium cyanide in 
order to commit suicide. His life was saved by the 
administration of oxygen and the intravenous injection of 
sodium thiosulphate. 

The various forms of treatment mentioned in the 
literature are discussed. As adjuvants to oxygen, a 
combination of nitrites and sodium thiosulphate or of 
copper chloride and sodium thiosulphate is recom- 
mended by the writer.—[Author’s summary. ]} 


Carbon Tetrachloride Mass Poisoning. [In English]. 
ALHA, A. (1950). Ann. Med. intern. fenn., Suppl. 8, 
2 i. 


Details are given of the illness of 66 persons whe 
consumed various quantities of a proprietary hair spirit- 
lotion which contained 1-4°% of carbon tetrachloride in 
addition to the alcohol which attracted the patients in 
the first place. Immediate signs of toxicity took the 
form of gastro-intestinal irritation, vomiting of blood, 
diarrhoea, circulatory collapse, delirium, and disorienta- 
tion leading to coma. Of the 20 patients who died, most 
showed haemorrhages and oedema with parenchymatous 
degeneration of heart, liver, and kidneys. Death 
occurred within one week of taking the poison. Severe 
bronchitis was invariably present and several patients 
died of hypostatic pneumonia. Lower-nephron damage 
was severe enough to cause anuria and a number of deaths 
in uraemia. Liver damage was always present and 
varied from cloudy swelling to acute yellow atrophy. 
The power of regeneration of liver shown was remarkable. 
Symptomatic treatment only is possible. 

James D, P. Graham. 


Some New Facts Concerning Chronic Carbon Monoxide 
Poisoning. BOURGUIGNON, A. (1950). Sem Hép. 
Paris, 26, 4449. 


Investigations were made over a period of 4 years and 
89 persons were examined. The symptomatology of 
chronic carbon monoxide poisoning is purely subjective. 
Asthenia, diminution of libido, giddiness, and headache 
are the most frequent complaints, and there may also be 
insomnia at night and sleepiness during the day, various 
digestive disturbances, loss of weight, and dyspnoea on 
effort. 

In the series of cases described, carbon monoxide 
estimations in the blood, as made by Nicloux’s method, 
generally gave figures of 5 to 10 mi. per |., but the carbon 
monoxide level did not always tally with the clinical 
picture. In view of this finding attempts were made to 
discover a more reliable index and tests were made to 
determine the vestibular chronaxie by the author’s 
method, testing one side only by means of an electrode in 
the auditory meatus and another over the mastoid process. 
On tilting the head various departures from normal 
readings were noted. Cochlear function, tested by the 
audiometer, showed a reduction for frequencies below 
4,096. To exclude error by simulation the author’s 
method of testing fatigue was used. In this a muscle 
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is tetanized electrically, usually the biceps or vastus 
internus, and chronaxie was determined after the muscles 
had been tired in this way. The estimations made are 
shown diagrammatically and suggest that this kind of 
investigation is of diagnostic value. When chronaxie 
studies were made on peripheral muscles, such as those 
in the hand, little change was observed except in the short 
abductors of the thumb, supplied by C8 to D1. 
Treatment with ‘“‘carbogen” gave but temporary 
relief and the blood carbon monoxide level rose again 
later, though work’ had not been resumed. Trans- 
cerebral and trans-medullary electrolysis with iodine was 
tried, but the general detoxicating action was not very 
marked. It was noted that cured cases quickly relapsed 
after fresh exposure to carbon monoxide if prophylactic 
measures were inadequate. Many chronic cases were 
apparently repeatedly poisoned by the use of tobacco. 
Many apparently well persons had blood carbon mon- 
oxide levels higher than those who were clearly suffering 
from poisoning, a puzzling phenomenon which the 
author does not try toexplain. — G. C. Pether. 


An Adverse Effect of BAL in a Case of Subacute Arsenical 
Polyneuritis, with Observations on Porphyrin Meta- 
bolism. SANDs, J. H., Berris, B., and SCHERER, L. R. 
(1950). New Engl. J. Med., 243, 558. 


A case of arsenical polyneuritis in a man of 54 is 
described. The nerves chiefly involved were those of 
the lower limbs, while there were only slight signs in the 
arms. A trace of albumin and a few erythrocytes were 
found in the urine, but otherwise the only abnormality 
detected was a marked eosinophilia. Examination of 
the excreta and a muscle biopsy revealed no sign of 
parasites. After about 20 days in hospital the urine 
contained 1:12 mg. of arsenic in a 24-hour specimen 
and his hair 2-3 mg. per 100 g. Before admission he had 
drunk a considerable amount of whisky and this was 
shown to be contaminated with arsenious oxide to the 
extent of 150 mg. per 100 ml. About a fortnight later, 
in spite of the total delay of about 6 weeks since the 
ingestion of the arsenic, it was decided to try treatment 
with BAL, which was given in a dosage of 2°5 mg. per 
kg. per dey, divided for 2 days into 6, and for 2 further 
days into 2, equal doses. After 4 days of treatment, 
however, the neurological signs were so aggravated that 
administration was stopped. Subsequently, there was 
some slow improvement, but on the patients’ discharge 
to another hospital 2 months later he had by no means 
recovered. 

It is believed that this is the first case of arsenical 
poisoning to be reported in which BAL has proved to be 
detrimental. It is suggested that the delay of 6 weeks 
before the treatment was instituted may have been at 
least partially responsible for this. Serial determina- 
tions of the urinary arsenic and coproporphyrin excretion 
were made. There was some, but only inconclusive, 
evidence that both were increased during the treatment 
with BAL. At all times, the urinary type-II] copro- 
porphyrin and the erythrocyte protoporphyrin contents 
were raised considerably above the normal level. 

Reginald St. A. Heathcote. 


The Cerebrospinal Fluid in Methyl Alcohol Poisoning. 
REINER, E. R. (1950). Arch. Neurol. Psychiat., Chicago, 
64, 528. 


In 12 patients with methyl alcohol poisoning the 
cerebrospinal fluid pressure was raised to between 200 
and 400 mm. of water in the first week, and to slightly 
lower values in the course of the subsequent 4 weeks. 
The increased pressure was not always manifested 
clinically. Repeated spinal punctures to remove exces- 
sive fluid were therapeutically effective, and were 
regarded as life-saving in some instances. The ocular 
signs and symptoms also were improved by these 
measures. F. K. Taylor. 


Early Diagnosis of Plumbism. Scuigtz, E. H. (1950). 
Tidsskr. norske Legeforen., 70, 60. 


Under the auspices of the Oslo Factory Inspectorate, 
1,096 workers exposed to lead were investigated. Taking 
punctate basophilia in more than 500 erythrocytes per 
million as abnormal, the author found 20% of those 
investigated were affected. Of 6 lead welders, 3 had 
basophilia in more than 2,500 cells per million. High 
values were also obtained in workers employed in the 
accumulator industry, as lead smelters, and as fingerprint 
experts. The author has compared the results of the 
simpler basophil aggregation test with stippled-cell 
counts in 188 workers.’ There was reasonable agreement 
on the whole, but the former is not so reliable a test as 
the stippled-cell count carried out by highly trained 
personnel. The inspectorate aim to remove from 
exposure to lead all workers with a punctate basophilia 
in more than 5,000 cells per million, as well as those 
in whom there is a sudden marked increase, regardless. 
of the absence of clinical symptoms. 


W. G. Harding. 


The Effects of Sodium Citrate in Lead Poisoning and 
Lead Absorption: Lead Poisoning. Sniets, D. O., 
Tuomas, W. C., and PALmMer, G. R. (1950). Med. 
J. Aust., 2, 886. 


The authors treated 10 cases of lead poisoning with 
4 or 5 g. of sodium citrate in 2 oz. (56 ml.) of water three 
times a day. A rapid decrease in the symptoms and an 
improvement in the general clinical condition occurred. 
Blood films were examined before treatment began and 
weekly thereafter. There was a substantial rise in the 
ratio of large lymphocytes and monocytes to small 
lymphocytes soon after the treatment started, and the 
ratio continued to increase for some days, eventually 
falling to about the values which are found in non- 
exposed persons. 

The effects on stippling were not consistent in the 
earlier stages of the treatment. In some cases the stippled 
cell counts increased but in the majority there was a 
rapid fall. Eventually, in times varying from about 2 
weeks to 2 months, the counts returned to normal. 

The urinary lead concentrations were determined before, 
and on samples collected every second day during the 
course of the treatment. In all cases there was a sub- 
stantial rise in the urinary lead excretion, which was 
maintained for varying times, but in the majority of cases 
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the value 5 days after the treatment had started was still 
well above the initial values. 

The authors consider that this is a valuable and simple 
method of treating lead poisoning, and that it causes no 
unpleasant effects beyond slight nausea in some cases. 
It brings about an increase in the elimination of lead in 
the urine without concomitant exacerbation of symptoms. 

K. M. A. Perry. 


The Effects of Sodium Citrate in Lead Poisoning and 
Lead Absorption : Lead Absorption. Suiers, D. O., 
THomas, W. C., and PAtmer, G. R. (1950). Med. 
J. Aust., 2, 922. 


This paper describes the results obtained in an investi- 
gation of the prophylactic use of sodium citrate by the 
employees in an accumulator factory. It was a new 
works with 48 employees who had not previously been 
exposed to lead. The concentration of lead in the urine, 
the stippled cell count, and the ratio of large lymphocytes 
with monocytes to small lymphocytes increased as the 
magnitude of exposure increased, owing to increased 
atmospheric lead concentrations and increased time of 
exposure. Blood and urine examinations were made at 
intervals of about 5 weeks. : 

After the works had been in operation for some 
months the workers were given 4 g. of sodium citrate in 
1 oz. (28-4 ml.) of water a day. It was found that there 
was a significant change in the total stippled cell counts 
and in the coarsely stippled cell counts before and after 
the start of the sodium citrate regimen, and also in the cell 
ratio, although the concentrations of lead in the atmo- 
sphere were the same. It therefore seems possible that 
the decrease in the cell ratio which followed the start 
of the taking of the citrate was caused by the increased 
elimination of lead in the urine brought about by the 
citrate. Further evidence to support this is provided 
by comparing those workers who took the full dose each 
of citrate with those who took less than 75% of the 
possible dosage. In the group taking all the available 
doses there was significant improvement in the results of 
laboratory tests, while the group which took only a few 
doses showed no such significant changes. 

The prophylactic use of sodium citrate is helpful but 
should not be regarded as an alternative to improvement 
of conditions respecting exposure to lead. 

K. M. A. Perry. 


Paranoid States Occurring in Leaded-petrol Handlers. 
Kanan, V. L. (1950). J. ment. Sci., 96, 1043. 


The author describes 6 cases of paranoidal states 
associated with lead poisoning in Indian males who were 
seen at Basra in 1943. These men had worked for periods 
ranging from 3 months to 2 years for long shifts in en- 
closed spaces filled with a heavy concentration of fumes 
from petrol to which tetraethyl lead had been added. 
The chief symptoms consisted of acute excitement, 
confusion, hypochondriasis, fears, insomnia, and emacia- 
tion. Two patients died. Punctate haemorrhages were 
found throughout the hemispheres in one case and 
demyelination of the pontine nerve bundles in both cases. 
One patient improved without active treatment; 3 
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others improved under treatment consisting of the 
administration of intravenous magnesium sulphate 
and an alkaline mixture by mouth. 

G. dz M. Rudolf. 


INDUSTRIAL PHYSIOLOGY 


Effects of Extreme Heat on Man. Protection of Man 
against Conflagration Heat. BUueETTNER, K. (1950). 
J. Amer. med, Ass., 144, 732. 


There are no accurate data concerning the relative 
number of injuries in air raids caused by heat from 
flames, radiant heat, carbon monoxide, or mechanical 
agents. This paper deals with the physical effects of fire 
on man. The various methods of transfer of heat are 
discussed. At night hot substances of a temperature of 
less than 525° C. are dark ; at 1,100° C. they show yellow 
incandescence, and at 1,300° C. white incandescence 
begins which becomes pure white at 1,500° C. The flow 
of heat toward man is caused by the following : conduc- 
tion and convection of hot air ; contact with hot objects ; 
radiation from hot areas and gases; and inhalation of 
hot air. Heat injuries may be caused by overcharging 
the heat balance, heating the skin to such a degree that 
it becomes painful and burns, heating the hair and clothes 
above the ignition temperature, and inhaling hot air so 
that the respiratory organs are affected. Heat enters 
the body mainly through the skin and usually increases 
the peripheral blood flow. This causes an increased heat 
conductivity of the periphery and therefore an increase 
in temperature of the body core. Profuse sweating may, 
through evaporation cooling, counteract the overheating 
with air temperatures up to 60° C.; in moist air the limit 
would be reached at lower temperatures. Individuals 
can protect their skin against radiant and conducted heat 
or against flying sparks and contact heat by (a) dry 
clothes and coverings, (b) wet clothes and coverings, and 
(c) metal-coated clothing. These are discussed in detail 
and various collected facts demonstrate the superiority 
of a suit coated with aluminium foil. 

The author points out that in Hiroshima and Nagasaki 
more persons were killed and injured by heat than by 
radioactivity; protection against heat, therefore, ‘* gains 
special significance. It is afforded by any reflection cover; 
. . . brightly colored textiles and—with about the same 
coefficient of reflection—bright metals, such as the 
aluminium suit, are appropriate ”’. J. V. Wilson. 


Physiological Evaluation and an Attempt at Standardiza- 
tion of Generalized Vibration. ANDREEVA-GALANINA, 
E. T. (1950). Gigiena No. 10, 3. 


Experiments were performed to determine the effects 
of vibration in various industries and. arising from 
sundry machines. The standards employed were 
determined by methods chosen to eliminate subjective 
assessments, which are often unreliable. Each type of 
vibration had to be studied separately. The author 
invented a platform which could be made to produce 
long-period vibrations of varying frequency. Vibration 
is detected by special receptors in the skin, these being 
most numerous in the hands and feet. The lower 











limits of perception are around 15 Hz and highest 
around 8,192 Hz. Adaptation to vibration takes place 
if it is felt for a short time, but with longer periods this 
is not the case and the subject becomes sensitized. 

The skin galvanic reflex was used as a test. In 1889 
Tarkharof found that there was a current in the skin 
which increased with differing stimuli. In 1892 Barkanof 
found that there was a regular wave motion in the skin 
current, controlled by the central nervous system. As a 
result of vibratory stimuli this wave motion may be 
altered as indicated in a diagram. In young subjects the 
normal wave motion differs from that in older people and 
the variations caused by external stimuli are more 
marked though the return to normal is also more rapid. 
This quick return occurs when the stimulus used is three 
times greater than the threshold figure. 

Effects of high-frequency vibrations, but not of those 
of iow frequency, could be fairly easily assessed. Another 
method was therefore sought, the vestibular reflex being 
eventually used. Water was injected into the ear 
at 17°C. and the resulting nystagmus was noted. If 
a vibratory stimulus was superadded the degree and 
duration of nystagmus were affected. In low-frequency 
vibrations the period of nystagmus was shortened. If 
the subject were rotated on a platform the degree of 
vertigo was less if concomitant vibration stimuli were 
used. Low-frequency vibration caused a fall in blood 
pressure. In the caloric test the return to normal blood 
pressure was delayed by vibratory stimuli. Vibration 
shortened the latent period of perception of pain. 

G. C. Pether. 


The Cause of Death from Excessive Pressure of Oxygen. 
LENGGENHAGER, K. (1950). Z. ges. exp. Med., 116, 
353. 


The theory that death during exposure to excessive 
oxygen pressures results from carbon dioxide retention 
in the tissues (‘‘ Haldane effect’), and that the carbon 
dioxide-binding power of the blood is inversely pro- 
portional to its oxygen saturation, is considered disproved 
for the following reasons. (a) Animals and men exposed 
to high oxygen pressures show none of the signs of 
carbon dioxide intoxication, such as “‘air hunger”’. 
The behaviour and mode of death of animals is funda- 
mentally different in the two conditions. Subjective 
symptoms in man under high oxygen pressures differ 
from those in carbon dioxide poisoning. (6) In hyper- 
ventilation, when the blood is almost maximally satur- 
ated with oxygen, the symptoms are referable to carbon 
dioxide lack in the tissues rather than carbon dioxide 
accumulation (or hypoxia). (c) In men exposed to high 
oxygen pressures the maximum time for which the 
breath can be held is actually increased. (d) It has been 
reported that in animals killed by high oxygen pressures 
the carbon dioxide content of artificial intraperitoneal 
air bubbles is considerably increased, but this is now 
proved to be a post-mortem phenomenon. (e) There 
was no significant increase in the carbon dioxide concen- 
tration in the spinal fluid of men exposed to high oxygen 
pressures long enough for symptoms to appear. 

The theory that the effects of high oxygen pressures are 
due to inhibition of vital enzyme systems and/or the 





194 BRITISH JOURNAL OF INDUSTRIAL MEDICINE 


accumulation of toxic substances in the body could not 
be substantiated. Experiments with isolated organ 
preparations showed that high oxygen tensions have no 
deleterious effects on neuro-muscular transmission or the 
autonomous activity of the surviving frog’s heart. The 
reinjection of blood and brain-tissue extracts from 
animals dead with ‘‘ oxygen poisoning” into other 
animals failed to demonstrate the presence of any toxic 
substances. 

The absence of visible lesions in the tissues after death 
from oxygen poisoning is confirmed. Both the behaviour 
of animals and the subjective symptoms of humans 
exposed to high oxygen pressures suggest interference 
with cerebral function, which in view of (5) above is pre- 
sumably a direct effect of the increased oxygen tension 
in the tissues. Thus animals show increased excitability, 
‘**clumsiness*’ in complicated movements such as 
jumping, and motor fits, while in men there occur fits 
of vertigo, disorders of vision, and hallucinations (but 
no mental confusion). The increased oxygen content 
of the cerebral tissues may interfere with intracellular 
reduction processes that are vital for the normal function- 
ing of the cell. In support of this view it is shown that 
guinea-pig brain exposed to high oxygen pressures loses 
its power to reduce a coloured indicator such as indigo 
carmine (5 : 5”-indigodisulphonic acid). 

[This is the weakest part of the paper as far as experi- 
mental proof is concerned. Thus, although isolated 


* brain tissue loses its reducing power after exposure to 


high oxygen pressures, when the reduced form of the 
indicator is added to the brain of an animal dying of 
oxygen poisoning it remains in the reduced form, although 
it is itself a strong reducing agent. Similarly, if reduced 
indicator is injected during life and the animal is then 
killed by exposure to high oxygen pressures, the substance 
is found to be still in its reduced form after death. The 
experiment in vitro that seems to support the author’s 
contention involved the exposure of the actual brain 
substance to an oxygen pressure (6 atmospheres) which 
is higher than any to which the brain would ever be 
exposed in the living animal.] P. Mestitz. 


Physiological Effects and Possible Methods of Reducing 
the Symptoms Produced by Rapid Changes in the 
Speed and Direction of Airplanes as Measured in Actual 
Flight. Poppen, J. R., and Drinker, C. K. (1950). 
J. appl. Physiol., 3, 204. 

The results of experiments carried out in 1932-34 are 
reported. Dogs anaesthetized with pentobarbitone were 
mounted in aircraft in a position similar to that of the 
pilot and subjected to rapid horizontal turns and to dives. 
The carotid arterial, jugular, and femoral venous and 
arterial pressures were recorded directly during the 
manoeuvres. The carotid pressure fell to an extent 
proportional to the severity and duration of the acceler- 
ation. There was an immediate sharp rise in the 
femoral venous pressure. It was concluded that ‘* black- 
out” is caused by severe cerebral anoxaemia due to 
sudden reduction in the intracranial circulation. It was 
shown that by fitting a belt containing an inflatable bag 
around the abdomen of the dog and raising the intra- 
abdominal pressure by inflation of the belt shortly before 
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or during the acceleration the fall in carotid pressure 
could be greatly reduced. D. H. Sproull. 


Results of Four Years’ Medical Surveillance of the Flying 
Personnel of a Large Commercial Air-line. ALLARD, A. 
(1950). Brux.-méd., 30, 1682. 


The 6-monthly and twice-monthly medical examina- 
tions to which flying personnel of the Sabena airline are 
subjected are described. The results of medical examina- 
tions over a period of 4 years (1946-9) of pilots, navi- 
gators, wireless operators, flight mechanics, stewards, 
and air hostesses are presented and compared. Their 
excellent health is commented on. Differentiation is in 
some cases made between subjects habitually flying in 
unpressurized and in pressurized aircraft. Pressuriza- 
tion has no unfavourable effect and diminishes fatigue. 
In 65% of examinations of air hostesses an abnormal 
erythrocyte sedimentation rate was found. This is 
regarded as being associated with the more prolonged 
and profuse menstruation of which many air hostesses 
complained. T. C. D. Whiteside. 


Radiation Hazards in the Atomic Energy Program. 
EIsENBUD, M. (1951). Industr. Med. Surg., 20, 7. 


INDUSTRIAL LUNG DISEASE 


Pneumokoniosis from Cereal Dusts. STEPHANOPOLI DE 
CoMNENE, J., and Besson, J. (1950). Arch. Mal. 
prof., 11, 459. 


Six samples of dust from grains handled at the Mar- 
seilles docks contained 0-10 to 1-35% of free silica, and 
microscopical examination showed the dust to contain 
many sharp, hard particles of vegetable debris 30 to 
35 u long and 3 to 5 uw wide [there is an obvious misprint 
here in the original paper where the dimensions are 
given in millimetres], large numbers of starch granules, 
and protein material, including bacteria and spores of 
fungi. The authors, who believe that the main noxious 
agent is the needle-like vegetable husk, exposed guinea- 
pigs to an atmosphere laden with the dust for short 
periods during 6 to 8 months, examined them radio- 
logically at intervals, and later killed them. [No details 
are given of the number of animals used or of the 
concentration of the dust inspired.] They claim to have 
observed radiological shadows in the lungs of these 
animals, which they believe to have resulted from a 
combination of fibrosis and lobular collapse, and describe 
three morbid anatomical stages: (1) exudative bronchio- 
litis; (2) peribronchial thickening; and (3) peribronchial 
fibrosis, atelectasis, and thickening of the alveolar walls 
without any real alveolitis. 

The criteria adopted by the authors for the radio- 
logical diagnosis of human pneumoconiosis were the 
presence of bilateral and symmetrical shadows that 
lessened from the hilum to the periphery of the lungs, of 
apical and basal emphysema, and of thickening of the 
diaphragmatic pleura. They recognize three stages : 
(1) reticulation with marked distortion of the hilar 
shadows ; (2) reticulo-nodulation, frequently with pleural 
reactions, especially diaphragmatic ; (3) bilateral pseudo- 
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tumour formation. They examined 84 dockers and 
baggers clinically and radiologically and found abnormal 
shadows in the lungs of 21 of them (9 stage (1); 11 
stage (2); 1 stage (3)). Soon after beginning their 
employment all these patients had had “ grain fever ”’, 
which lasted a few days and was attended by cough and 
expectoration. During the next 5 to 20 years they had 
had frequent attacks of tracheo-bronchitis and gradually 
developed a chronic productive cough. By this time the 
radiological appearances were those of stage (1), but their 
general condition remained good. Progression to 
stage (2) appeared to be more rapid, and was accom- 
panied by development of constant dyspnoea and some 
cyanosis. In none of the cases was evidence of tuber- 
culosis found. Some men who had reached stage (2) 
slowly improved functionally when taken off dusty work, 
but the radiological appearances remained unchanged. 

As preventive measures the authors advise the com- 
pulsory x-ray examination of all dock workers before 
enlistment and every 6 months thereafter, those showing 
evidence of bronchopulmonary disease or developing the 
appearances of stage (1) being taken off work involving 
exposure to dust, and the temporary suspension of men 
who have had intercurrent bronchopulmonary upset. 
In addition, they advocate that dust be removed from the 
grain by cyclones in the aspirators used for unloading 
ships, or by exhaust ventilation where removal has to be 
performed manually. 

[No deaths are reported, and it is impossible to deter- 
mine from the paper whether the disability was severe 
in the few men who had any. The preventive measures 
advocated therefore seem rather heroic.] 

H. E. Harding. 


Silicosis in Miners in Valais. Nicop, J. L. (1950). Mém. 

Soc. vaud. Sci. nat., 10, 1. 

Although this report on the occurrence and nature of 
silicosis among the miners of Valais is based on a small 
number (179) of necropsies only, it is of value both 
because the investigations were thorough and because the 
working conditions in the mines and tunnels.in this small 
area of Switzerland differ in some ways from those in 
countries from which large numbers of cases of silicosis 
have been reported. The workers are in the main only 
occasional miners, often working on the land during the 
summer and returning to mining or tunnelling during the 
dead season. The rocks are almost all highly siliceous, 
and the tunnels are generally 1,000 to 2,000 m. above sea 
level. Measures of dust-prevention have until recently 
been few or ineffective, partly because of ignorance, but 
largely because of local difficulties : only a few years ago 
workers in some of the tunnels were unable to see one 
another at a distance of more than one metre. 

Among the cases studied, nodular silicosis was rather 
rare, the usual forms being either reticula (“‘ /atramite 
silicotigne ’’) or massive (pseudo-tumorale). The author 
has satisfied himself that this last type can, and often 
does, develop in the absence of any indication of tuber- 
culosis and, further, that necrosis with subsequent cavita- 
tion may occur in silicotic masses also without evidence 
of tuberculosis. [All cases were examined bacteriologi- 
cally and histologically.] On the other hand, tuberculosis 
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was a common complication in these cases, occurring in 
over 50%. Pleural adhesions were encountered only in 
cases where there had been bacterial infection (usually 
tuberculous) as well as silicosis. The author finds that 
reticulation is dangerous and disabling because the 
cuffing of vessels by histiocytes, and later by fibrous 
tissue, lowers the elasticity of the vessels and thus throws 
extra work on the right heart. Except in relation to the 
radiological picture, he does not appear to place much 
emphasis on emphysema. In several of the cases the 
period of exposure had been very short—in 36 it was less 
than 2 years, while one patient had worked in a tunnel 
for only 4 months in 1924, when he was 34 years old, and 
died 17 years later with massive silicosis and no trace of 
tuberculosis. 

Reviewing the findings in this series, the author 
concludes that (1) the age of the miner when he is first 
exposed to dust plays no part in determining the develop- 
ment of pulmonary lesions ; (2) the length of the period 
of exposure has no effect on the type of lesion ; (3) stop- 
ping exposure to dust does not arrest the progressive 
evolution of the disease ; and (4) silicosis may develop 
in a grave and fatal manner without the intervention of 
tuberculosis. H. E. Harding. 


Thresher’s Lung (Pulmonary Moniliasis). An Experi- 
mental Investigation. [In English.) ZETTERGREN, L. 
(1950). Upsala LakForen. Forh., 55, 257. 


The natural history of Candida albicans is described. 
Fermentation and staining properties are discussed. 
The fungus may be a saprophyte or a pathogenic parasite 
in human subjects : in the latter role it may metastasize 
and cause endocarditis or meningitis. 

Pulmonary moniliasis is recognized as an occupational 
disease of tea-tasters (who rub the leaves and inhale 
their aroma); it may cause an epidemic pneumonia 
among young children, and since 1932 has been recognized 
as causing epidemics of broncho-pulmonary disease 
among threshers of mouldy grain and farmers handling 
mouldy hay. It is stated that fungi other than monilia 
may be causal and in some of the cases allergy may be 
the principal factor. The clinical picture is that of a 
febrile tracheo-bronchitis and the outstanding symptom 
dyspnoea. Radiological changes are not invariably 
present, and vary from a faint accentuation of the normal 
lung markings, to a miliary “snowstorm” with or 
without dense hilar and perihilar shadowing, and in the 
chronic cases large fibrotic opacities. [In view of the 
common occurrence of Candida as a saprophyte, it is 
unfortunate that better criteria for a firm diagnosis of its 
pathogenicity in a given case are not available.] 

As the condition is rarely fatal, necropsy reports 
are few and concern chiefly the extra-pulmonary 
endocarditic or meningitic cases. Experimental intra- 
venous injection of suspensions into animals has resulted 
in widespread miliary lesions, especially in the kidneys. 
The macroscopic appearance of the lesions resembles 
that of tuberculosis, and this similarity is present histo- 
logically also; there are foci of epithelioid cells, .with 
giant cells and occasional central necrosis (caseous or 
purulent) ; fungus cells are rather sparse in these granu- 
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lomata and have been observed phagocytosed within 
giant cells. 

In the experiment described the author exposed rabbits. 
to sterile threshing dust and others. to similar dust 
containing monilia. The method is described. The 
animals were examined radiologically and at necropsy, 
and fractionated serum-protein determinations were 
made, being considered more accurate than agglutination 
tests. Animals exposed to sterile dust (series A) devel- 
oped emphysema, miliary interstitial ‘“‘ dust granu- 
lomata”’, and intrapulmonary lymph-node hyperplasia. 
These animals showed no radiological changes. Animals. 
dusted with the addition of Candida and killed a few 
days after the last exposure (BI series) showed finely 
floccular or streaked opacities radiologically. These 
animals’ lungs contained “ tuberculoid granulomata ”’; 
differing from the dust granuloma in consisting of 
epithelioid cells, and having a surround of lymphocytes 
and often a caseous centre; there was also a more definite 
mucopurulent bronchitis. In animals killed 10 weeks 
after the last dust-exposure (B2 series), dust granulomata 
were absent, but tuberculoid granulomata were still 
seen, though tending to become more diffuse, less 
definitely ** epithelioid’, and containing more lympho- 
cytes: the presence of large aggregations of lipophages 
was noted. The BI series yielded Candida on culture 
from the bronchi of 4 of 12 animals examined ; series. 
B2 yielded none. The only alteration noted in the serum 
proteins was a significant increase of gamma globulin in 
series B2. 

The author considers the dust granuloma to be an 
interstitial chronic pneumonia: the tuberculoid granu- 
loma probably differs from this in being due to toxins 
released from disintegrating fungal cells. The lipoid 
material in the lipophages is probably derived from fungal 
cells also. He states that Candida once within the 
bronchi does not survive long, and certainly does not 
proliferate. The disease, therefore, is probably not a 
true mycosis but a reaction to the endotoxins contained 
in the fungal cells. The increase in gamma globulin 
indicates an antibody formation evoked by antigens in 
the Candida cells. L. W. Hale. 


Pulmonary Carcinoma in Chromate Workers. I. A 
Review of the Literature and Report of Cases. BAETJER, 
A. M. (1950). Arch. industr. Hyg. occup. Med., 2, 487. 


Some 120 cases (previously published, or known to 
the author) are surveyed. The material is derived from 
Germany and the U.S.A. It is indicated that the 
incidence of carcinoma of the bronchus is related to 
chromate-producing processes and not to exposure to 
chromates in other processes. 

In one (American) study, 21-8% of all deaths among 
the chromate-producing workers were ascribed to 
respiratory cancer, compared with 1:-4°% in a control 
group ; in another study the figures were 18-2% and 1-2%. 
A study of all similar plants in Great Britain yielded only 
one case of respiratory carcinoma. Age distribution, 
duration of exposure, and time between first exposure 
and onset of disease are discussed. Age of onset was 
slightly lower than in the general population, duration 
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of exposure varied widely (4 to 40 years), and the latent 
period was similarly variable. Estimations of the degree 
of intensity of exposure are not ‘available. Clinical 
features did not differ from those of non-occupational 
respiratory cancer save in the frequent accompaniment 
of perforation of the nasal septum (itself a recognized 
occupational risk). Pathological studies showed that 
squamous-cell carcinoma was the commonest form. 
Estimations of chromium content of the tissue gave 
inconclusive results. 

The processes are described. It is stated that the 
materials used are not radioactive. The mechanism of 
action of the chromium compound is not known, and 
animal experiments have not yet been helpful. 

L. W. Hale. 


Pulmonary Carcinoma in Chromate Workers. II. Incidence 
on Basis of Hospital Records. BaArETJER, A. M. (1950). 
Arch. industr. Hyg. occup. Med., 2, 505. 


Since 1932 carcinoma of the lung has been scheduled 
as an occupational disease in the chromate-producing 
industry in Germany. In 1948 a study in the U.S.A. 
showed that crude mortality from lung carcinoma was 25 
times higher among chromate-producing workers than 
in a control group. 

In the present study distribution by occupation of 
lung cancer cases in Baltimore hospitals is compared 
with that of cases of other diseases in the same hospitals. 
Methods of selection and analysis are described. The 
proportion of the former group with an occupational 
exposure to chromium compounds was significantly 
higher than among the control group. The percentage 
of chromate workers in the lung cancer series was 
significantly higher than the percentage of chromate 
workers in the employed male population of Baltimore. 
The facts submitted confirm the findings of earlier 
workers that death from lung cancer is more frequent 
among chromate-producing workers than among the 
population as a whole. L. W. Hale. 


Cutaneous Cancer in Relation to Occupation. HENRY; 
S. A. (1950). Ann. roy. Coll. Surg. Engl., 7, 425. 


On Silicosis (Part II). ZOLLINGER, F., LANG, F., ScHINz, 
H. R., Coccui, U., PAGNAMENTA, C., Rossier, P. H., 
BUHLMANN, A., RUTTNER, J. R., GLAUSER, A., GESSNER, 
H., and BUuHver, H. (1950). Vjschr. naturf. Ges. 
Zurich, Suppl. 2-3, 95, 1-194. 


Anthracosilicosis in Bituminous Coal Miners. Clinical 
and Pathological Manifestations. SLESINGER, H. A. 
(1950). Arch. industr. Hyg. occup. Med., 2, 284. 


ENVIRONMENT 


Platelet Values in Personnel Engaged in Roentgen 
Diagnostic Work. [In English.] MossBerc, H. (1950). 
Acta radiol., Stockh., 34, 186. 

The author has investigated the platelet counts of 


24 persons working in a diagnostic x-ray department. 
The counts were carried out by a modified Kristenson 
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ethod which is described. In a control series of 16. 
persons not engaged in radiological work the counts 
were found to fall between 300,000 and 200,000 per 
c.mm. The counts of the x-ray workers fell between 
just over 200,000 and 130,000 per c.mm. The findings 
were regarded as significant of radiation damage to the 
haematopoietic system in about one-third of those ex- 
amined, their count being less than 150,000 per c.mm. 
Rather more than one-third were regarded as possibly 
suffering from radiation damage, their count being below 
200,000 per c.mm. 

In view of the fact that the platelet count is in general 
very stable and less influenced by transient factors such 
as infections or allergy than is the leucocyte count 
and in spite of the fact that it is rather more difficult 
to carry out with accuracy, the author urges that the 
platelet count be adopted as a routine index of radiation 
effect in x-ray workers. A. M. Rackow. 


GENERAL 


Studies in the Use of Fibrin Film in Treatment of Burns. 
Fivatov, A. N., and GosHKIna, A. I. (1950). Khirurgija, 
No. 9, 16. 

In order to minimize protein loss and accelerate healing 
281 patients suffering from burns were treated by the 
application of a fibrin-film dressing to the burnt area. 
The dressing is prepared from the blood of cattle and pigs 
and is supplied in the form of a sterilized bandage 10 cm. 
wide and 0-1 or 0:2 mm. thick. This bandage is cut 
before it is used into squares 5 x5 cm. or 10x10 cm. in 
size and these are applied directly to the cleaned burnt 
area and then firmly bandaged over gauze. Of the 
patients treated, 195 (69-4%) had second degree burns 
only, 63 patients (22-4°%) had mixed second and third 
degree burns, and 23 patients (8-2%) had third degree 
burns only. The best result (healing in 6 or 7 days) 
was obtained in 72 cases of second degree burns which 
were admitted direct to the burns clinic without previous 
first-aid. In all cases the relief of pain and absence or 
mildness of toxaemia were striking features of the 
treatment. 

[The technique of application, not the final results, is 
chiefly described in this article, which is worth reading 
by anyone interested in the treatment of burns.] 

Nicolas Tereshchenko. 


Three Cases of Severe Burn Treated with Cortisone. 
CRASSWELLER, P. O., FARMER, A. W., FRANKS, W. R., 
and McLacutIn, A. D. (1950). Brit. med. J., 2, 977. 
The authors report 3 cases of severe burns which were 

treated with cortisone as well as other measures. One 

man with a 70% burn did well ; a child with a 55% burn 
died on the 5th day; while the third patient, a child 
with a 33% burn, lived for 24 days. All 3 patients had 
occlusive pressure dressings with light plaster casts. 

Fluids were given intravenously and by mouth, and 

penicillin was also given. The child with the more 

severe burn received 450 mg. of cortisone during the 5 

days he lived. The second child was given 600 mg. in 

the first 8 days, when the drug was stopped. The man 
had responded well to treatment before the administration 
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of cortisone was begun on the 4th day ; it was continued 
until the 27th day, during which time a total of 2,750 mg. 
of the drug was given. The authors consider that the 
unusual recovery in a case of such severe burns might 
have been related to the cortisone therapy. [This is an 
advisedly cautious comment.) Zachary Cope. 


Treatment of Seal Finger with Aureomycin. WAaGE, P. 
(1950). Tidsskr. norske Laegeforen., 70, 679. 


The author reviews 24 cases of “* seal finger” seen in 
Tromso between April and June, 1950. This condition 
usually occurs in men engaged in seal catching, and 
occasionally also in those processing the catch in port, 
and is probably due to contagion with septic lesions 
occurring in the seals. It resembles erysipeloid, and the 
swelling is characterized by a cyanotic tinge. The infec- 
tion may spread from the fingers to the hands and arms, 
and swelling of the regional lymph nodes was observed 
in one-third of the author’s cases. The lesions are 
painful. None of the patients had fever when seen, but 
the erythrocyte sedimentation rate was raised above 
30 mm. per hour in 4 cases. 

Untreated cases may take 5 to 6 months to clear up, 
and there may be a residual ankylosis of the small joints. 
The author treated 20 cases with aureomycin in 12 to 
16 doses of 250 mg. each, administered every 6 hours. 
The lesions became painless after 3 to 4 doses, the swell- 
ing was markedly reduced after 3 to 4 days, and the patient 
could return to work | to 2 weeks after completion of the 
course. W. G. Harding. 


Castor Bean : an Industrial Hazard as a Contaminant of 
Green Coffee Dust and Used Lurlap Bags. FIGLEy, 
K. D., and RAw.ina, F. F. A. (1950). J. Allergy, 
21, 545. 

Nine patients are described who had acquired an 
allergy to castor bean or castor-bean pomace by contact 
with jute bags in which these substances had been 
previously transported. Most of these patients suffered 
from asthma or rhinitis. Their allergy had at first in 
most cases been attributed to the dust of green coffee 
which had been contained in these bags, but later the 
allergy was traced to castor bean, with which the coffee 
had been contaminated. Dericinized castor-bean extract 
is a very potent allergen for man and should not be used 
for intracutaneous testing, but only for scratch testing. 

H. Herxheimer. 
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Electron Microscopy of Asbestos Bodies and the Fibres of 
Asbestos. CHAMPEIX, J., and BOUTEVILLE, J. (1950). 
Arch. Mal. prof., 11, 607. 


Asbestosis bodies recovered from sputum have a 
central fibre of asbestos coated with a colloidal gel, 
which is probably protein. Removal of the enveloping 
gel by micromanipulation reveals some transparency of 
the edges of the asbestos fibre, believed to result from 
solution. Fibres shorter than 10 are not found in the 
bodies and it is suggested that smaller fibres dissolve 
completely. On this evidence the authors suggest that 
pulmonary fibrosis may result from solution of asbestos 
rather than from some physical irritation. . 

H. E. Harding. 


Occupational Deafness. Garissou, D. (1950). 
Laryng., Bordeaux, 71, 425. 


Rev. 


Doubt no longer exists that employment under con- 
ditions of intense sound will result in cochlear damage. 
The author reviews early observations, both clinical and 
experimental. The primary lesion is in the organ of 
Corti. High-pitched sounds give rise to lesions in the 
basal coil of the cochlea, whereas low-pitched ones affect 
its apex. The extent of the lesion depends on the 
intensity and duration of the stimulus. By means of the 
Wever and Bray technique the electrical responses of the 
cochlea can be determined after exposure to noise and 
are usually found to be diminished. Clinically, diagnosis 
is not difficult, particularly in a young person with no 
previous history of hereditary or acquired aural disease 
who works under noisy surroundings and who presents a 
progressive perceptive deafness. It has been suggested 
that the presence of an otitis media offers some measure 
of protection, but this is not borne out by careful 
observation. 

Prophylaxis should be directed towards reduction of 
the noise at the source and the use of some form of ear 
warden. In certain occupations the cochlear damage 
sustained is not a great handicap, nor does it interfere 
with the pursuit of the work. In flying personnel, 
however, it is a matter of great importance as it may - 
restrict their field of activity. Occupational deafness is 
recognized as such in 5 countries only—Germany, 
Bulgaria, Mexico, Czechoslovakia, and the U.S.S.R. 

E. D. Daléiel Dickson. 








